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ABSTRACT 
Phosphorus Dynamics in Dingle Marsh, Idaho 
by 
Rex C. Herron, Doctor of Philosophy 
Utah State University, 1985 
Major Professor: Dr. John Kadlec 
Department: Fisheries and Wildlife 
X 
Phosphorus mass-balance studies of Dingle Marsh, Idaho indicated 
that the marsh was an annual net sink for total suspended sol ids and 
all forms of phosphorus under consideration: total phosphorus, 
particulate phosphorus, total dissolved phosphorus, dissolved organic 
phosphorus, and orthophosphate phosphorus. During some months, 
however, more phosphorus was exported from the marsh than entered. 
Phosphorus mass-balance dynamics were compared between night and 
day. Total suspended solids and particulate phosphorus dynamics were 
controlled by sedimentation of particulate material, a physical 
process, and were unaffected by light conditions. Dissolved organic 
and ortho-phosphorus were affected by light conditions indicating, at 
least indirectly, that biological processes were affecting dissolved 
phosphorus dynamics. These phosphorus fractions were occasionally 
released in large amounts by the marsh at night. 
An .i.!J. situ enclosure experiment was performed to determine major 
sites of phosphorus uptake/release. A twentyfour-hour rate of 
particulate phosphorus decrease in the enclosures could be predicted 
xi 
(r 2 = 0.39) by knowing the initial concentration of total suspended 
solids. On a twentyfour-hour basis, periphyton, detritus, and live 
bulrushes tended to remove more dissolved organic phosphorus from the 
water than they added to it while plankton and sediments added 
dissolved organic phosphorus to the water. Orthophosphates were 
removed from the water by plankton, detritus, and periphyton with 
plankton dominating the changes. Live bulrushes or sediments within 
the bulrush system tended to be a source for orthophosphates. 
The open water ecosystem was a greater net source for dissolved 
organic phosphorus than the bulrush system. The open water system was 
a greater net sink, however, for orthophosphates, than was the bulrush 
community. 
(164 pages) 
INTRODUCTION A D OBJECTIVES 
This study was initiated to determine the impact of a wetland on 
the nutrient, specifically phosphorus, status of water passing through 
it and entering Bear Lake, Utah-Idaho. Water diversion projects 
completed in this century store spring runoff waters in Bear Lake, 
rais i ng concern about the effects of increased nutrient loading on the 
trophic status of the 1 ake. Most runoff water enters the 1 ake from 
Bear River after having passed through Dingle Marsh, and it was 
important to understand the impact of the marsh on the quality of the 
flow-through waters. 
Wetlands have attracted attention in recent years, especially in 
Europe and North America, as natural water purification systems (Tilton 
et al. 1976, Tourbier and Pierson 1976) . Many researchers have 
reported wetlands to be nutrient and silt traps (e.g., Carter et al. 
1979, Lefor and Helfgott 1973). Addition of large amounts of 
nutrients, however, can exceed the storage capacity of the ecosystem, 
increase the BOD, and result in a change in the biota of the system. 
Using wetlands to treat wastewater is basically an art, with little 
known about the impact of such operations (Sloey et al. 1978). More 
information is needed on nutrient dynamics in wetlands to enhance our 
ability to manage them successfully as nutrient traps. 
Phosphorus has been implicated in many studies as a major factor 
in eutrophication of waters (Stewart and Rohlick 1967, Lee 1970a, 
Vollenweider 1968). Phosphorus plays a major role in biological 
metabolism, but most commonly limits biological productivity (Wetzel 
2 
1975). Uses of phosphorus in fertilizers, detergents, etc. have 
increased amounts of phosphorus released into natural waters with 
generally deleterious results (i.e., eutrophication). Wetlands are now 
being studied and used in some places as phosphorus removal systems for 
fl ow-through waters. 
Many studies of phosphorus dynamics in wetlands compare input and 
output phosphorus concentrations to quantify nutrient removal (Grant 
and Patrick 1970, Lee et al. 1975). An examination of data from 18 
different marsh systems by van der Valk et al. (1979) ·revealed that 11 
marshes acted as phosphorus traps and 5 trapped phosphorus on a 
seasonal bas i s. The marshes usually acted as sources in spring and 
fall. Some investigators suggested that the net annual budgets of 
phosphorus were zero. Some wetlands were as much as 98% efficient when 
they were acting as sinks for phosphorus. Crisp (1966), Lee et al. 
(1975), and Bender and Correll (1974) showed net exports of phosphorus 
in their studies of wetlands, while Toth (1972), Turner et al. (1976), 
and van der Valk et al. (1979) reported that wetlands retain large 
fractions of phosphorus. Armstrong and Gordon (1977) reported that the 
Colorado River delta marsh system constantly acts as a sink for 
phosphorus. In general, there is no way of telling a priori whether a 
particular wetland will perform as a source or sink for phosphorus 
(Kadlec and Kadlec 1979). 
Phosphorus enters a dynamic situation in a marsh as witnessed by 
mass-balance studies. Phosphorus is cycled within a marsh, but there 
are few data available to quantify these proceedings. Some studies 
have been done on individual compartments within wetlands, especially 
3 
with radioisotopes, to determine where and in what quantity phosphorus 
is moving. Much of the work has been done in lake 1 ittora1 zones or 
tidal marshes which probably respond in a similar fashion to other 
types of wetlands. 
Several components have been identified as major sites of 
phosphorus uptake or release in wetlands. Sediments can act as either 
a source or sink for phosphorus depending on physical, chemical, and 
biological conditions (Vollenweider 1968, Syers et al. 1973). Stauffer 
and Peterson (1981), in their review of phosphorus dynamics in 
sediment-water systems, described conditions in which sediments can act 
as either a source or sink. The magnitude and direction of phosphorus 
flux between the water and sediments depend on such conditions as pH, 
redox potential, physical agitation, the presence of iron and calcium, 
aerobic conditions, phosphorus concentrations in the sediments and 
overlying water, as well as the presence of planktonic and benthic 
invertebrates and algae. 
Emergent and submergent macrophytes also have a role in phosphorus 
dynamics in wetlands. Some investigators have reported that emergent 
and submergent plants remove phosphorus from the water column by direct 
uptake through stems and leaves (Sutcliffe 1959, den Hartog and Segal 
1964, Waisel and Shapira 1971). Others have suggested that aquatic 
macrophytes obtain most of their nutrients from the sediments through 
their roots and the remainder directly from the water through stems and 
leaves, with the proportions varying according to plant species and 
type; e.g., emergent or submergent (Gerloff and Krombholz 1966, 
Scul thorpe 1967, Bristow and Whitcombe 1971, Denny 1972). Some of the 
phosphorus taken up by emergent or submergent macrophytes may be 
4 
excreted into the surrounding water (McRoy and Barsdate 1970, McRoy et 
al. 1972, Lee et al. 1975, Schults and Malueg 1971, Reimold 1972). 
Detritus can also be important in phosphorus cycling in wetlands. 
Decomposition and leaching of litter and standing dead biomass may 
release large amounts of nutrients into the water e~pecially in fall 
and spring (Armstrong et a 1. 1979, Davis and van der Valk 1978, Kadlec 
and Kadlec 1979, Simpson et al. 1978, Ulehlova and Pribil 1978, van der 
Valk et al. 1979). Periphyton and phytoplankton may also influence the 
rate of phosphorus uptake and release in marshes to a greater extent 
than previously thought (Armstrong and Gordon 1977, Carpenter 1981). 
Many forms of phosphorus e xist in aquatic systems, but 
orthophosphate (Po4--) is the only significant form of inorganic 
phosphorus available for primary production (Wetzel 1975). More than 
90% of the phosphorus in lake water is bound in living particulate 
matter or associated with inorganic or dead particulate organic 
materials. Dissolved inorganic phosphorus (P0 4-P) is available for 
aquatic plants (Syers et al. 1973), while dissolved organic phosphorus 
appears not to be an important source of phosphorus for phytoplankton 
and bacteria (Richey 1977). Many investigators measure total 
phosphorus, particulate phosphorus, soluble phosphorus and 
orthophosphates as parameters in phosphorus studies (Pomeroy et al. 
1972, Cooke et al. 1974). Stube et al. (1976, p. 30) suggested that 
... the total reserve of phosphorus in a body of water is a 
pertinent gross parameter because it gives the ultimate 
capacity for biomass synthesis while dissolved phosphate 
gives little indication of phosphate availability and 
therefore is not a very sensitive parameter. 
5 
The objectives of this study utilized mass-balance measurements to 
determine if Dingle Marsh, Idaho was a net sink or source for 
phosphorus, and al so attempted to determine major sites of phosphorus 
uptake/release within the marsh from an in situ enclosure experiment. 
Specifically, the objectives of this study were: 
(1) To determine the mass-balances for Dingle Marsh, by 
quantifying external loadings and losses with surface waters 
over a 30 month period , of the following constituents : TP, 
TOP, P04-P, PP, DOP, and TSS (Table 1). Temporal and spatial 
variation of TP, P04-P and TSS was quantified in the surface 
waters of Dingle Marsh over a 14-month period. In addition, 
a mass-balance for chl. a was calculated for one summer of 
data. 
(2) To determine diel mass-balance dynamics for TP, TOP, P04-P, 
DOP, and PP in Dingle Marsh during spring, summer, and fall 
of 1 98 2 and 1 98 3. 
(3) To determine daily and diel net uptake/release rates of TP, 
TOP, P04-P, DOP, and PP from/to the water column due to 
settling of particulate material, and due to the influence of 
sediments and their associated organisms, plankton, 
bulrushes, periphyton and its associated organisms, and to 
detritus and its associated organisms through sprihg, summer 
and fall 1983. 
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TABLE 1. Symbols and their definitions. 
Symbol Definition 
TP Total phosphorus 
TOP Total dissolved phosphorus 
P04-P Orthophosphates 
DOP Dissolved organic phosphorus 
PP Particulate phosphorus 
TSS Total suspended solids 
Chl. a Chlorophyll a 
7 
DESCRIPTION OF STUDY AREA 
Dingle Marsh (also referred to as Dingle Swamp) is a freshwater, 
riverine marsh located adjacent to the north end of Bear Lake in 
southeastern Idaho (Bear Lake County). Bear Lake crosses the 
boundaries of Idaho and Utah and lies at an altitude of approximately 
1808 m and latitude and longitude of 42° 071 north and 111° 181 west, 
respectively (Fig. l). The Bear River originates in the Uinta 
Mountains in Utah, flows north through portions of southwestern Wyomi ng 
and northeastern Utah and enters southeastern Idaho. The river flows 
through the Bear Lake Basin, where Dingle Marsh and Bear Lake are 
located, but until recently bypassed the two systems to the north. The 
Bear River then arches back to the south , re-enters Utah, and flows 
into the Great Basin where it drains into Great Salt Lake in northern 
Utah. 
The west side of the Bear Lake Basin is bordered by the Bear River 
Range of the Rocky Mountains which rises an average of 762 m above the 
valley floor. The east side is bordered by the Bear Lake Plateau which 
rises very steeply to an elevation of 305 m above the valley floor. 
Within the Basin lies the Bear Lake Valley, which encompasses Bear Lake 
and Dingle Marsh and continues as far north as Soda Springs, Idaho, 80 
km north of Bear Lake. 
Land in the Bear Lake Basin has traditionally been used for rural-
agricultural purposes, with high mountains and foothills surrounding 
the valley floor. The high mountains are used primarily for grazing, 
watershed protection, and some recreation. The foothills are used for 
IDAHO 
t 
BEAR 
LAKE 
UTAH 
~ 
~ 
WYOMING 
FIG. l. Dingle Marsh, Bear Lake, and the Bear River relative to 
Utah, Idaho, and Wyoming. 
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grazing, dry farm crops, and recreational home sites while the valley 
floor is used for irrigated croplands, pasture, and permanent 
dwellings. The dominant land uses within the Basin are rangeland 
(54%), forest-multiple use (23%), water and wetland (7%), irrigated 
croplands (7%), non-irrigated croplands (4%), and recreational 
development (3%). 
Many of the soils within the Bear Lake Basin are calcareous, 
resulting in drainage waters that are high in pH and alkalinity. The 
soils in and around the Dingle Marsh consist of poorly drained muck and 
peat. These soils are organic in nature and are located on a broad 
fl at former 1 ake bottom of 1 acustri ne sediments. Surface and 
subsurface soils have over 30 percent organic matter with stratified 
mineral soil materials (Kaliser 1972, Robertson 1978). Deeper than 
about one-half meter, the sediments are strongly calcareous. 
Prior to 1910, water from Bear River did not flow into Dingle 
Marsh, and the marsh was separated from Bear Lake by a naturally 
occurring sandbar. A natural channel through the sandbar allowed water 
to flow between the marsh and Bear Lake during years of heavy spring 
runoff which flooded the marsh (Reeves 1954). About 1907, the 
Telluride Power Company began construction of water control structures 
and canals to divert water from Bear River, through Dingle Marsh, and 
into Bear Lake where it would be stored for irrigation and 
hydroelectric generating needs. Utah Power and Light succeeded 
Telluride and added more structures, completing the work in 1918. The 
system consists of a diversion dam (Stewart Dam) on the Bear River 
which diverts river water into Rainbow Canal. Rainbow Canal channels 
l 0 
water through portions of Dingle Marsh until it intersects with the 
Outlet Canal (Fig. 2). The Outlet Canal connects Bear Lake at Lifton 
Station (also called Camp Lifton) with Bear River at a point several 
miles below the diversion dam. Control gates at Lifton Station allow 
two-way gravity flow of water between the marsh and Bear Lake, and 
pumps lift water into the marsh when gravity flow is not feasible. 
Dingle Marsh, therefore, serves as a water storage and transfer 
facility . Water is diverted from Bear River during spring runoff 
(February-June), and the marsh is allowed to fill until its water level 
is higher (about 15 cm) than that of Bear lake. Water is then allowed 
to gravity flow into Bear Lake at Lifton Station and at the Lif t on 
Causeway structure when necessary. When irrigation demands increase 
during summer, the marsh is drained until its water level is below that 
of Bear Lake. Bear Lake water then gravity flows into the Outlet Canal 
. . 
at Lifton Station where it is channeled back into Bear River below the 
diversion dam. Pumps at Lifton Station can pump Bear Lake water into 
the marsh when gravity flow is not feasible. In summary, water enters 
the marsh from Bear River through the Rainbow Canal and Ream Crockett 
Canal (a smal 1 canal constructed prior to Rainbow Canal and previously 
referred to as Telluride or Dingle Canal) on the north end, from Bear 
Lake at Lifton Station on the south in the summer and from three 
relatively small streams on its west side. Also, a few (at least six) 
thermal springs along the Bear Lake fault on its east side supply the 
marsh with a small amount of water. Surface water exits the marsh at 
the Outlet Canal, the Lifton causeway structure during high spring 
runoffs, and at Lifton Station, depending on whether runoff is being 
stored in Bear Lake or released for downstream needs. There is much 
Paris 
Dike 
Arrows iftGicot• direction of water flow 
~ 
..i.. 
u.. 
~ 
l;... 
u.. J.l.:. = UL 
DING L£ MARSH 
.l.l.. 
.ll:. .l.11... 
u.... 
r, 
" ~ 
!!. 
CAMP 
llfTON 
IEAR LAKE 
-; 
C 
" ... 
lll.. 
l.11... 
llL.. ~ 
.Ill.. 
.l.U.. 
Telluride 
FIG. 2. Diagrammatic map of Utah Power and Light Company 
water diversion and control structures in the Dingle Swamp 
area, Bear Lake County, Idaho. 
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exchange of water between the canals and the main body of the marsh due 
to leakage of the dikes, especially where water leaks from Rainbow 
Canal and follows Black Canal, a natural meandering channel, through 
the marsh. The USGS maintains six gauging stations at the major inlet 
and outlet canals and at Lifton Station. In addition, the U.S. 
Department of Commerce at Lifton, Idaho collects precipitation data and 
evaporation data. 
Prior to construction of water control devices, Dingle Marsh 
. ? 
enclosed about 101 km'-. The Bear Lake National Wildlife Refuge 
comprises about 71 km2 of the original marsh. After construction was 
completed, the marsh covered appro ximately 66 km2 because much of t he 
northern portion was drained by construction of the Outlet Canal. Of 
the 66 km2 , 7.5 percent (5 km2) lies north of Paris Dike and is leased 
by the Refuge to farmers for hay-cutting and grazing, leaving about 61 
km2 within the marsh boundaries. 
Few recent studies have been carried out in Dingle Marsh; however, 
in an early study, Reeves (1954) summarized the types and amount of 
vegetation within the marsh (Table 2) and found that almost 71 percent 
of the area was covered by emergent vegetation, with hardstem bulrush 
(Sci rpus acutus) accounting for 78 percent of the emergent vegetation. 
Wire-grass (Juncus spp.) and sedge (Carex spp.) occurred to a much 
lesser extent. He also reported on the minor occurrence of common 
cattail (~ spp.), but did not elaborate on the amount present. He 
listed 13 km2 (20%) as being aquatic habitat which was primarily made 
up of Mud Lake, a shallow, open body of water in the southeast corner 
of the marsh. Mud Lake is thought to be smaller now due to the effects 
of siltation although its current size is unknown. 
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TABLE 2. Total areas of habitat and vegetation zones on the Dingle 
Swamp, Bear Lake County, Idaho ( from Reeves 1954). 
Habitat 
Water 
Marsh 
Land 
Total 
Vegetation zone 
Aquatics 
Hardstem bulrush 
Wire grass 
Sedge 
Mud fl a ts 
Salt grass 
Rabbit brush 
Greasewood 
Barley 
Sagebrush 
Will ow 
Area in km2 
Vegetation zone 
Not determined 
36.13(55.0) 
10.16(15.4) 
0. 11 ( 00. 2) 
2.08(03.2) 
2.83(04.3) 
0.60(00.9) 
0.30(00.5) 
0.26(00.4) 
0.02( b) 
0. 05 ( b) 
Habitat 
13.14(20.0)a 
46.41 (70.6) 
6.15(09.4) 
66. 06 ( l 00. 0) 
~Figures in parentheses are percentages. 
Less than l percent. 
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METHODS AND MATERIALS 
A water budget was calculated for Dingle Marsh by quantifying 
inflows and outflows of surface waters and precipitatfon and 
evaporation. Data for calculating the water budget was collected over 
a 30 month period beginning in April 1981 and ending in September 1983 
(Fig. 3). Flow measurements collected on a daily basis by Utah Power 
and Light (UP & L) personnel for Lifton Station, the Lifton causeway 
structure, Ream-Crockett Canal, Rainbow Canal, and the Outlet Canal 
were utilized in the hydrologic budget. Pan evaporation and 
precipitation measurements collected by UP & Lat Lifton were used to 
calculate water falling as precipitation directly on the marsh and 
leaving as evaporation. Marsh evaporation was considered to be 0.7 of 
pan evaporation (Carter et al. 1979). The amount of precipitation or 
evaporation in meters during a sample year was multiplied by the area 
of the marsh (61 km2) to estimate volume of water gained or lost. 
The change in water storage within the marsh was determined by 
multiplying the change in elevation of the surface of the water by the 
area of the marsh (61 km2). The mean depth of Dingle Marsh is 
considered to be about 0.33 m, thus the maximum change in storage in 
the marsh is about 20 x 106 m3 (0.02 km3). Although the water depth 
can change as much as one meter at the gauging stations, maximum change 
in storage was not considered to be greater than 0.02 km3. If the 
estimated change in storage (found by utilizing change of surface 
elevation as determined at a north end gauging station) was greater 
,, 
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than maximum change possible, then the maximum was used as the 
estimate. 
In addition, flow velocities were estimated using a Marsh McBirney 
Model 201 current meter at Bloomington Creek, Spring Creek, and the 
u pp er arm of St. Ch a r lees Cree k for each s am p 1 i n g tr i p. Site s were 
selected on each stream as close as possible to Power Line Road, where 
water depth was constant across the width of the stream. Flow 
velocities were recorded a fourth, half, and three fourths the distance 
across the stream and about 0.6 of the depth from the water surface 
(Bureau of Reclamation 1974). The three velocities were averaged, and 
the mean velocities were multiplied by respective stream cross-
sectional areas to determine flow volumes. 
Total volume of water entering the marsh on each sample date was 
calculated by summing all inflows, and total leaving was found by 
summing all outflows. Water entering the marsh was arbitrarily 
considered positive and water leaving was considered negative. If the 
sum of total inflow and outflow was positive, the marsh stored water 
(or there was error) and, if the sum was negative, it lost storage. 
The an nu a 1 water budget w a s ca 1 cu 1 ate d by ' sum m i n g a 11 an n u a 1 
estimates of precipitation, evaporation, inflows and outflows. Each 
annual inflow and outflow of surface waters entering and leaving the 
marsh was estimated by integrating the amount of flow at each location 
over time: assuming the volume of flow changed at a constant rate from 
sample date to sample data (Scheider et al. 1979). The volume of water 
flowing into and out of the marsh at Lifton Station was estimated using 
daily records obtained from the United States Geological Survey (USGS) 
(Harper et al. 1983). 
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Phosphorus mass-balances were determined for Dingle Marsh, by 
quantifying external loadings and losses with surface waters over a 30 
month period, of the following constituents: TP, TOP, P04-P, PP, DOP, 
and TSS. In addition, a budget for chlorophyll a was calculated from 
summer data collected in 1983. 
Eight major inflows and outflows were sampled around the perimeter 
of Dingle Marsh: Lifton Station, Lifton Causeway structure, Ream-
Crockett Canal, Rainbow Canal, Outlet Canal, Bloomington Creek, Spring 
Creek, and an upper arm of St. Charles Creek (Fig. 4). From April 24, 
1981 through June 23, 1982, samples were taken from the shore or from 
the bridge on the marsh side of the causeway at Lifton Station and on 
the marsh side of the Lifton causeway structure when water was flowing 
at that site. Ream-Crockett Canal was sampled in the town of Dingle, 
Idaho where the east side access road crossed the canal, and Rainbow 
Canal was sampled at Stewart Dam as water entered the canal. The 
Outlet Canal was sampled on the marsh side of the Paris Dike water 
control structure, and the three streams were sampled from highway 89 
and combined in correct proportions (as a function of flow) to form a 
composite sample. After June 23, 1982 and until the end of the study 
(September 22, 1983), Rainbow Canal was sampled at the Paris-Dingle 
Road, and Bloomington and St. Charles Creeks were sampled where they 
were crossed by Power Line Road: Spring Creek had been diverted into 
St. Charles Creek before this point and was no longer sampled. These 
sites were closer to the marsh and were thought to better represent 
nutrient loadings from these inflows. 
Surface water samples were collected (for all phases of the study) 
in opaque plastic bottles that had been rinsed in 6N HCl and reagent 
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FIG. 4 . Map of Dingle Marsh, Idaho illustrating sampling 
locations and l!!_ situ experiment study site (ESS). 
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grade water, placed in ice filled coolers, and taken directly to the 
Utah Water Research Laboratory in Logan, Utah for analyses. After June 
1982, all samples were taken to the Utah State University Limnology 
Laboratory for analyses. Samples were usually collected twice monthly 
during spring, summer, and fall of 1981 and 1982 and once a month 
during winter. During the summer of 1983, samples were used from the 
diel sampling to determine mass balances since these samples were 
collected monthly about mid-day. 
Temperature, conductivity, and dissolved oxygen were measured in 
the field using a Yellow Springs Instrument with dissolved oxygen and 
conductivity probes and a Montedoro-Whitney Mark V water quality 
analyzer. The oxygen meters were calibrated either the evening or 
morning prior to each sampling trip using the Modified Winkler 
Technique. All laboratory analyses were performed according to methods 
outlined by Environmental Protection Agency (1979) or American Public 
Health Association (1980) and summarized in Adams et al. (1981) (Table 
3). TOP concentrations were determined by analyzing a filtered water 
sample (.45 µ m membrane filter) for TP. PP was determined by 
\ 
subtracting TOP concentrations from TP, and DOP was determined by 
subtracting P04-P from TOP. 
Constituent concentrations were determined for each water sample, 
and the amounts in kg/day entering and leaving the marsh were 
calculated by multiplying the concentrations by the respective flow-
rates. Temporal mass-balance dynamics were determined for the marsh by 
summing al 1 inputs and outputs, subtracting total output from total 
input and plotting the results. A positive value indicated more 
20 
TABLE 3. Parameters measured and methods of analyses. 
Reference 
Parameter Method EPA APHA 
{1979) ( 1980) 
pH Potentiometric, electrode 1 50. l p. 402 
Total alkalinity Titrimetric, manual 310. 2 p. 253 
colorimetric 
Turbidity Nephelometric 180. l p. 132 
Suspended solids Gravimetric 160. 2 p. 94 
Orthophosphates Colorimetric, automated 365.1 p. 420 
or manual 365.3 
Total phosphorus Manual acidic digestion, 365.1 p. 413 
colorimetric, automated 365.3 p. 420 
or manual 
Dissolved oxygen Modified Winkler 360.2 p. 390 
Chlorophyll a Fl uorometric p. 952 
-
' 
21 
entered the marsh than left, and the marsh was therefore acting as a 
net sink. A negative value indicated a net release by the marsh. The 
annual nutrient budget was calculated by integrating the difference of 
the two sums over time (12 months); assuming the differences changed at 
a constant rate from sample date to sample date (Scheider et al. 1979). 
Spatial and temporal variation of concentrations in the surface 
waters of Dingle Marsh of TP, P04-P and TSS were quantified during a 14 
month period beginning April 24, 1981 and ending June 22, 1982. Sample 
dates and analytical procedures were identical to those listed 
previously. Six sites (Sites 2, 4, 5, 6, 7, and ML) were chosen within 
the marsh for sampling because they represented a meandering transect 
through which much of the water flowed as it traversed the marsh f rom 
Stewart Dam to Lifton Station · (Fig. 4). These sites were also chosen 
because of the type of emergent vegetation in their immediate vicinity. 
Site 2 was located at the edge of Mud Lake about 1500 m north of Lifton 
Station where water draining from Mud Lake into the Outlet Canal would 
have to pass and was dominated by hardstem bulrushes. ML was a site at 
the approximate center of Mud Lake and was located about 560 m from 
Site 2 (2.06 km from Lifton Station). Sites 4, 5, and 6 were 
established along Black Canal, a natural meandering channel, where much 
of the water entering Dingle marsh passed as it moved toward Lifton 
Station. Site 4 was located about 1.38 km north of the ML site (3.44 
km from Lifton Station). This site was situated on the Black Canal and 
was dominated by hardstem bulrushes on one side and cattails on the 
other side of the canal. Site 5 was located about 660 m north of site 
4 (4.10 km from Lifton Station) and was dominated by hardstem bulrushes 
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mixed with cattails while site 6 was located about 240 m north of site 
5 and was dominated by cattails. Site 7 was situated on Rainbow Canal 
approximately 4.52 km north of Lifton Station and 3.89 km south of 
Stewart Dam and slightly upstream from the point where Black Canal 
forked away from Rainbow Canal. No vegetation was found in the canal 
at Site 7. Water was collected at the surface in midchannel at all 
sites with the exception of site 2 where samples were taken toward open 
water approximately 10 m from the edge of the bulrushes. 
Diel nutrient dynamics for TP, TOP, P04-P, DOP, and PP were 
determined in Dingle Marsh during spring, summer and fall of 1982 and 
1983. This part of the study was designed to determine whether the 
amount of constituent entering or leaving the marsh during a 24 hour 
period differed between daylight and darkness hours. Samples were 
collected monthly in 1982 and 1983 beginning in May and ending in 
September except in 1982 when the marsh was sampled in early October 
instead of September. From May through July (1982), major inflows and 
outflows to the marsh were sampled 7 times in a 24 hour period (once 
every 4 hours), at 1200 hours (noon) on one day and ending at 1200 
hours on the following day. After July, samples were collected only 5 
times in a 24 hour period. Samples were generally collected at midday, 
dusk, midnight, dawn and again at midday on the following day. All 
samples were taken to the Limnology Laboratory immediately after 
collection and analyzed as previously described. 
The last objective of this study was to determine daily and diel 
uptake/release rates of phosphorus from/to the water column due to 
settling of particulate material and due to the influence of plankton, 
detritus and its associated organisms, periphyton and its associated 
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organisms, sediments and their associated organisms, and to bulrushes. 
Detritus, in this study, refers to dead bulrush and cattail material 
found floating on, or submerged in, the water and lying on the 
sediments. An l!! situ experiment was performed in plastic lined 
enclosures to measure changes in phosphorus concentrations in the water 
in the presence of one or more of the groups listed above. The effects 
of some groups could not be isolated and had to be measured in the 
presence of other groups. For example, the effects of any one group on 
phosphorus concentrations in the water could not be measured 
independently of the effects caused by plankton because plankton could 
not be removed from the water and wer e present in all treatments. 
Compound effects were measured and the effect of a single group or 
component was estimated by subtracting results from different 
treatments. 
A representative study site was chosen to reduce variabi1 ity due 
to spatial heterogeneity within the marsh (Fig. 4). The site was 
located appro ximately 700 m southwest of s i te 7 or the point where 
Black Canal flowed away from Rainbow Canal. The study site was 
situated on the south side of Rainbow Canal at a break in the di ke 
where water flowed into the marsh. The location was dominated by 
hardstem bulrushes intermingled with areas of open water. I believed 
that canal water, high in sediment loads and nutrient concentrations, 
flowed into this site from the break in the dike and was maximally 
influenced as it entered the marsh. Therefore, maximum changes between 
i ni ti a 1 and fi na 1 measurements during the experiment were expected to 
occur . 
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The experimental design consisted of 6 treatments and 2 controls 
performed in duplicate (Fig. 5). Each treatment was designed to 
measure the change in phosphorus in the water column due to one or more 
of the factors previously defined. Treatments one through four were 
performed in enclosures constructed by suspending large transparent 
plastic bags within construction wire frames. The bags were about 1.5 
mm in thickness and enclosed a surface area of 0.3 m2 when suspended in 
the frames and partially filled with water. These enclosures were 
designed to isolate water and certain marsh components from the effects 
caused by the presence of sediments. Treatments 5 and 6, in which the 
water column was exposed to sediments and bulrushes, were performed in 
open-ended plastic lined enclosures which were pushed firmly into the 
sediments. The enclosures consisted of construction wire cylinders, 
1.5 m long and 1 min diameter, lined inside and outside with 1.5 mm 
thick transparent plastic. All enclosures were designed so that the 
water surfaces within the treatments were exposed to the atmosphere, 
and light could penetrate through to the water and initiate 
photosynthesis . 
Treatments were performed monthly to determine seasonal effects of 
marsh components on phosphorus flux in Dingle Marsh. The experiment 
began soon after ice-out in May, 1983 and continued through September. 
Treatments were initiated at dusk with samples being taken to measure 
initial concentrations of phosphorus. Samples were collected again at 
dawn of the fol 1 owing day so that nighttime effects of the different 
factors on phosphorus concentrations in the water column could be 
determined. The difference in dusk and dawn concentrations was used to 
determine rates of change per unit of time. Samples were collected 
-[\__ 
- -
Plankton+ 
particulate 
material 
Sediments 
Tl 
Plankton+ 
periphyton 
Sediments 
T4 
-
/ 
-
- -
Water lev"e;"l 
System shaken to 
Resuspend particulate 
material 
from sediments 
Water level 
Particulate material 
allowed to settle 
System isolated 
from sediments 
I"-. 
- - -
- -
Plankton 
Sedim e nts 
T2 
Plankton+ 
sediments 
Sed im e nts 
TS 
,/ 
~~ 
Water level 
Particulate material 
allowed to settle 
from.sediments 
Water level 
Parti c ulat e ma terial 
allow e d to s e ttle 
Syst e ms n o t isolated 
fr o m s e dim e nts 
- . . -
Plankton+ 
detritus 
[\__ ~ ,,....... r--, r, ,....., ./ 
Sediments 
T3 
Plankton+ 
periphyton + 
detritus+ 
sediments+ 
bulrushes 
Sed im e nts 
T6 
FIG. 5. Pictorial representation of experimental design for determining magnitude and 
direction of phosphorus flux in a wetland ecosystem. 
26 
again at dusk to determine rates of change during daylight hours and 
for 24 hour periods. 
Water used in the treatments isolated from the sediments was 
collected at the same location where the open-ended treatments were 
performed and poured into the bag enclosures when the experiments 
began. Each bag enclosure was randomly assigned treatment one through 
four by drawing numbered tags from a bucket. In addition to the six 
treatments, two controls were performed. Samples were collected in 
open water to serve as one control (labeled treatment 7) while water 
was sampled in the bulrushes in the vicinity of treatment 6 to serve as 
a second control (labeled treatment 8). 
Five fractions of phosphorus were measured: l) Total phosphorus 
(TP) which includes all dissolved and particulate fractions, 2) 
orthophosphates (P04-P), the dissolved fraction usually available for 
primary production, 3) total dissolved phosphorus (TOP) which includes 
orthophosphates and other dissolved forms of phosphorus bound in 
polyphosphate molecules, 4) particulate phosphorus (PP) which is that 
phosphorus adsorbed to particulates or incorporated in structures of 
organisms and detritus, and 5) dissolved organic phosphorus (DOP) which 
is determined by subtracting P04-P from TOP and is the fraction of 
dissolved phosphorus usually thought to be unavailable for plant 
production. Depth and volume of water in each treatment was measured 
at the beginning of each experiment to determine mass and the change in 
mass of the constituents during the experiment. 
Total suspended solids (TSS) were analyzed for each sample to 
measure the rate of settling of particulate material and particulate 
phosphorus. Chl. a was measured to express the rate of phosphorus 
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uptake/release by plankton in terms of chl. a per unit of time. 
Detritus was collected, oven dried and weighed to express phosphorus 
uptake/release in terms of dry weight per unit of time. The area 
within the enclosures in treatments 5 and 6 was measured to express the 
effects of sediments on phopshorus concentrations in terms of area per 
unit of time. Bulrushes were collected from within the enclosures, 
oven dried and weighed to express changes in phosphorus in terms of 
bulrush biomass per unit of time. 
Dissolved oxygen (DO) and temperature were also measured in each 
treatment. Measurements were made with a Yellow Springs Instrument 
oxygen and temperature meter except at dawn during summer when DO 
determinations were made using the modified Winkler method. Anaerobic 
nighttime conditions could result in phosphorus release from the 
sediments so it was desirable to measure DO concentrations as 
accurately as possible at dawn to account for possible increases in 
dissolved phosphorus concentrations. 
To determine the effects of the periphyton community on phosphorus 
concentrations in the water column, cylindrical wooden dowels 
approximately l m long and l cm in diameter were placed in the water at 
the study site soon after ice-out in 1983. The dowels were intended to 
mimic hardstem bulrush stems and act as a substrate for periphyton. 
When the experiment was performed, wooden dowels and their associated 
periphyton communities were placed in the water in treatment 4 to 
investigate the periphyton community effects on phosphorus. After each 
experiment, the wooden dowels were removed, the periphyton and 
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associated organisms were scraped from the dowels and taken to the 
laboratory, dried and weighed. 
The treatments and the single or multiple effects on phosphorus 
within each treatment were as follows: 
Treatment l (Tl): Marsh water was added to a transparent closed-bottom 
enclosure. Water was stirred to resuspend settled 
particulate material before samples were taken. The 
net change in TP in Tl was therefore zero. 
Particulate phosphorus could have increased in Tl as 
plankton, i.e~, phytoplankton, removed dissolved 
phosphorus from the water column and incorporated it 
into their cellular structures. Dissolved organic 
phosphorus and orthophosphates would be taken up in 
Tl by phytoplankton or rel eased by zoo plankton. 
. . 
Therefore the net changes in DOP and P04-P in Tl 
were due to the effects of plankton. Thus, the 
fractions of TP as PP and dissolved phosphorus could 
change due to dissolved phosphorus being removed 
.from the water column by the plankton and 
subsequently measured as PP. 
Treatment 2 (T2): Marsh water was added to a transparent closed-bottom 
enclosure. The water was not stirred to resuspend 
settled particulate material before samples were 
taken. The net change in TP was therefore due to a 
loss from the water column of settled particulate 
material. The net change in PP was due to settling 
of particulate material and dissolved phosphorus 
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being incorporated into plankton and measured as PP. 
Sedimentation would decrease PP concentrations in 
the water column while plankton uptake of dissolved 
phosphorus would increase PP concentrations. The 
net changes in OOP and P04-P in T2 were due to the 
effects of plankton. 
Treatment 3 (T3): Marsh water was added to a transparent closed-bottom 
enclosure. Detritus, or dead bulrush stems and 
associated periphyton and invertebrate communities, 
were also added to the enclosure. The water was not 
stirred to resuspend particulate material before 
samples were taken. The net change in TP in T3 was 
therefore due to loss of PP from the water column 
from settling of particulate material and due to the 
uptake/release of dissolved phosphorus by detritus 
and its associated organisms. The net change in PP 
was due to settling of particulate material and 
uptake of dissolved phosphorus by plankton. The net 
changes in OOP and P04-P in T3 were due to the 
effects of plankton and to the influence of detritus 
and its associated organisms. 
Treatment 4 (T4): Marsh water was added to a transparent closed-bottom 
enclosure. Wooden dowels with attached peri phyton 
and its associated organisms were added to the 
enclosure. Water was not stirred to resuspend 
settled particulate material before samples were 
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taken. The net change in TP was therefore due to 
the 1 oss of PP from the water column from settling 
of particulate material and due to uptake/release of 
dissolved phosphorus by periphyton and its 
associated organisms. The net change in PP in T4 
was due to settling of particulate material and 
dissolved phosphorus being incorporated into 
plankton and measured as PP. The net changes in DOP 
and P04-P i n T4 were due to the effects of plankton 
and the effects of periphyton and its associated 
organisms. 
Treatment 5 (TS): A one meter diameter transparent open-ended 
enclosure was placed in marsh water and pushed 
firmly into the sediments. The enclosed water was 
not stirred to resuspend particulate material. The 
net change in TP in TS was therefore due to loss of 
PP from settling of particulate material and the 
rel ease/uptake of PP and dissolved phosphorus from 
sediments and their associated organisms. The net 
change in PP was due to settling of particulate 
material and dissolved phosphorus being incorporated 
into plankton and measured as PP. The net changes 
in DOP and P04-P were due to the effects of plankton 
and sediments and their associated organisms. 
Treatment 6 (T6): A one meter diameter transparent plastic open-ended 
enclosure was placed over bulrushes and their 
associated periphyton, detritus and sediments. The 
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enclosed water was not stirred to resuspend 
particulate material. The net change in TP in T6 
was therefore due to loss of PP from settling of 
particulate material, detritus community 
release/uptake of dissolved phosphorus, periphyton 
community release/uptake of dissolved phosphorus, 
sediments and community release/uptake of dissolved 
phosphorus, and bu1 rush rel ease/uptake of di sso1 ved 
phosphorus. The net change in PP in T6 was due to 
settling of particulate material and dissolved 
phosphorus uptake by the plankton. The net changes 
in DOP and P04-P in T6 were due to the effects of 
plankton, the influence of detritus and its 
associated organisms, periphyton and its associated 
organisms, sediments and their associated organisms, 
and bulrushes. 
The data were collected from the experiments and analyzed using 
models to hypothesize dynamics within the enclosures. Particulate 
phosphorus (PP) dynamics were described in terms of particulate 
materials which v1ere measured as total suspended sol ids (TSS). PP and 
TSS dynamics were estimated in each enclosure, and 1 inear regressions 
were employed to determine relationships between PP and TSS in 
treatments 2 through 6 (treatments in which suspended solids were 
a 11 owed to settle). 
P04-P and DOP dynamics were more complicated because five major 
components within the marsh were assumed to be removing/releasing these 
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fractions from/to the water column: plankton, detritus and its 
associated organisms, periphyton and its associated organisms, 
sediments and their associated organisms, and live bulrushes. In 
addition, phosphorus could be converted from one form to another. 
Uptake of P04-P by plankton would result in a decrease in P04-P 
concentrations in the water column and an increase in PP concentrations 
because the cellular phosphorus within planktonic organisms is measured 
as PP. All forms of phosphorus (PP, P04-P and DOP) could 
simultaneously be converting from one form to another; however, this 
study focused on net changes of each fraction and did not attempt t o 
explain phosphorus flux in one direction. 
To more fully describe the model, some definitions are as follows: 
c = net rate of uptake/release due to the plankton community and 
expressed as µg/mg chl. i/hr. 
d = net rate of uptake/release by detritus and its associated 
periphyton and organisms. 
p = net rate of uptake/release by periphyton and its associated 
organisms. 
s = net rate of uptake/release by sediments and its associated 
organisms. 
b = net rate of uptake/release by bulrushes and their associated 
organisms. 
Rates of uptake/release of P04-P and DOP were estimated using the 
following equations: 
(1) c = tiP(Tl )/chl. i (mg)/time (hr) 
(2 ) d = [tiP(T3) c(chl. i(T3))]/detritus (gm)/time (hr) 
(3 ) p = [t.P(T4) c(chl. i(T4 )) ]/periph yton (gm)/ time ( hr ) 
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(4) s = [tiP(T5) - c(chl. i(T5))]/area (m2)/time (hr) 
(5) b = [6 P(T6) - (c(chl. i(T6)) + d (detritus(T6)) + p(peri. 
(T6)) + s(area sediments (T6)))]/bulrushes (gm)/time (hr). 
Dissolved phosphorus dynamics in treatment 2 were not utilized in the 
dissolved phosphorus models because plankton uptake of dissolved 
phosphorus, initially estimated in treatment 1, was used as a plankton 
uptake estimate in the remaining treatments. No loss of dissolved 
phosphorus from the water column was attributed to sedimentation of 
particulate materials. If the phosphorus fraction increased in the 
water column, a positive sign was assigned to the net change whereas a 
negative sign was assigned if the amount decreased in the water column. 
Equation (1) states that the rate of uptake/release (in µg P/mg 
chl. i/hr) of dissolved phosphorus (either P04-P or DOP) by plankton in 
treatment 1 was determined by dividing the net change of dissolved 
phosphorus by the amount of chl. i and by the time in hours. The 
amount of chl. i was estimated by measuring chl. a concentrations in 
the treatment at dusk, dawn, and again at dusk, and multiplying the 
average of the three concentrations by the volume of water in the 
treatment. 
Equation (2) was used to estimate net dissolved phosphorus 
uptake/release rates from detritus and its associated organisms. The 
net change in dissolved phosphorus in treatment 3 was adjusted for 
plankton uptake/release by multiplying the amount of chl. a in 
treatment .3 (estimated in a similar manner as in treatment 1) by the 
rate of dissolved phosphorus uptake/release by plankton (as determined 
in treatment 1) and subtracting this result from the net change. The 
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net change in dissolved phosphorus in treatment 3, after adjustment for 
plankton uptake/release, was divided by the amount of detritus and 
associated organisms and time to determine hourly uptake/release rates 
by detritus and associated organisms. 
Equation (3) was used to estimate dissolved phosphorus 
uptake/rel ease rates by peri phyton and associated organisms. The net 
change in dissolved phosphorus in treatment 4, adjusted for plankton 
uptake/release, was divided by the amount of periphyton and associated 
organisms and time to determine hourly uptake/release rates. 
Equation (4) was used to determine dissolved phosphorus 
uptake/release rates by sediments. The net change in dissolved 
phosphorus in treatment 5, adjusted for plankton uptake/release, was 
divided by the amount of exposed sediments in m2 and time to estimate 
net sediment uptake/release rates. 
Equation (5) was used to determine dissolved phosphorus 
uptake/release rates from live bulrushes. The net change in dissolved 
phosphorus in treatment 6, adjusted for plankton, detrital, periphyton, 
and sediment uptake/release, was divided by the amount of 1 ive 
bulrushes in the enclosure and time to determine hourly uptake/release 
rates. The effects of all the components were assumed to be additive 
because this was the simplest approach and because no evidence was 
available to support an alternative hypothesis. 
Analysis 
The objectives listed for this study were designed to test certain 
hypotheses. Water and nutrient budgets were necessary to determine if 
the marsh was a net source or sink for these constituents. The 
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objective was designed to test the null hypothesis that the amount of 
water, or nutrient, entering the marsh on an annual basis was equal to 
the amount leaving. Stated statistically H0 :I = 0 versus Ha:I f 0 
where I represents inflow or input and O represents outflow or output. 
A non-parametric randomized t-test (RANOTEST) utilizing paired data 
points was used to test the null hypothesis (Green 1977). 
Quantifying spatial variation of constituent concentrations in the 
surface waters of Dingle Marsh was designed to test the null 
hypothesis, using one-way ANOVA, that the mean annua l concentrations 
between sites were not significantly different or H0 : 111 = 112 = ••• = 11k 
where 11 indicates a mean and k the number of sample sites. If F-tests 
indicated significant differences, a test of least significant 
differences was made to compare means among sample sites (Carmer and 
Swanson 1973). Linear regression analyses were used to compare 
inflowing constituent concentrations. 
The _i!l situ experiment was performed to determine the impact of 
marsh components on phosphorus concentrations in the water column. The 
experiment was designed to test the null hypothesis that there were no 
changes in phosphorus concentrations in the water due to the presence 
of any of the components. The data were analyzed using a 2 x 8 
factorial split-plot design (Cochran and Cox 1975). Night versus day 
dynamics were compared seaso nally using two-way ANOVA. 
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RESULTS 
General characteristics 
Many general physical and chemical characteristics (temperature, 
conductivity, pH, and total alkalinity - summarized in Appendix, Table 
1) of the marsh were similar to Bear River or Bear Lake, depending upon 
the direction of water movement. Temperature varied from 20 to 25 °c 
during the summer, but decreased to 0 0 c in the v,inter with ice 
covering the entire marsh. Conductivity (corrected for temperature) 
ranged between 432 and 2054 iJ mho/cm (mean = 774, n = 95, se = 25) 
while pH ranged from 7.7 to 8.9, but was generally greater than 8.0. 
Total alkalinity fluctuated between 170-340 mg/1 Caco 3 at all sites 
during the portion of the study period in which it was measured. 
Daytime dissolved oxygen concentrations were relatively high during the 
study period, with the exception of the enclosure experiment, ranging 
from lows of approximately 4 mg/1 during ice cover to a high of almost 
12 mg/1 in the spring. Generally daytime dissolved oxygen 
concentrations were greater than 6 mg/1. 
Hydrologic budget 
Flows into Dingle Marsh from Rainbow Canal and the three streams 
on the west side have historically been highest in late winter and 
spring due to run-off from melting snow-packs in the nearby mountains 
and because of spring precipitation events. In late summer, July and 
August, flows are low and precipitation events seldom occur. 1981 was 
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a relatively dry year with reduced flows in the spring due to a 
relatively small snowpack (flows summarized in Appendix, Table 2) and 
because of the dry summer with little precipitation in July and August 
(Appendix, Table 3). The spring of 1982, however, was a period of 
high flows due to heavy winter snow buildup in the mountains. Summer 
of 1982 was unusual in that precipitation events occurred frequentl y, 
resulting in relatively high flows through the marsh all summer long. 
The year of 1983 was an even wetter year with exceptionally high flows 
i n the spring and frequent precip i tation events in the summer. 
The drought in 1981 was reflected by the total amount of water 
entering Di ngle Marsh (Table 4). Years II and III were extremely wet 
years with over two and a half times as much water entering the marsh 
in Year II as in I. Year III only encompassed five months, but almost 
twice as much water entered the marsh during that time than during the 
entire twelve months in Year I. 
Rainbow Canal and Lifton Station were the sites through which most 
water passed as it entered the marsh. Thus, the Bear River and Bear 
Lake supplied more than 89 percent of the water entering Dingle Marsh 
in all years. Bloomington and St. Charles Creeks were also important 
sources of water for the marsh as was precipitation falling directly on 
the marsh. These sources supplied as much as 9.6 percent of the water 
entering the marsh. Generally most of the water leaving the marsh left 
through the Outlet Canal while about 30-40 percent of the water left 
through Lifton Station or Lifton Causeway and entered Bear Lake. 
The annual water budget indicated that the amount of water 
entering Dingle Marsh on an annual basis was always estimated to within 
2 percent of the amount leaving. When tested statistically, the amount 
TABLE 4. The amount of water (x 103 m3) entering and leaving Dingle 
Marsh, Idaho by different routes (percents are in parentheses). 
Location 4/24/81-4/23/82 4/24/82-4/23/83 4/24/83-9/22-83 
Water entering marsh 
Rainbow Canal 154,698 (34 . 2) 723 , 907 (62.2) 720,748 (81.6) 
Lifton St acion 252,343 (55.7) 316,2 41 (27.2) 86,500 (9.8) 
St. Charles Creek 4,025 (0.9) 47,759 (4.1) 28,557 (3 . 2) 
Spr ing Creek 1 , 579 (0.4) 2,220 (0.2) 204 (0.1) 
Bloomi ngton Creek 10,998 (2.4 ) 38 , 282 ( 3 .3) 22,217 (2.5) 
Ream-Crockett Canal 7,010 (1.5) 9,049 (0.8) 3,811 (0.4) 
Precipitation 22,015 (4.9) 26,383 (2.2) 21,082 (2.4) 
Total in 452,668 (100.0) 1,163,841 (100.0) 883,119 (100.0) 
Water leaving marsh 
Lifton Station 165,857 (37.4)a 200,463 (17.5) 126,208 (14.0) 
Lifton Causeway 0 (0.0) 137,224 (12.0) 253,401 (28.3) 
Outlet Canal 238,475 (53.8) 771,634 (67.3) 480,727 (53.6) 
Evaporation 39,032 (8.8) 36,415 (3.2) 36,440 (4.1) 
Total out 443,364 (100.0) 1,145,736 (100 .O) 896,776 (100.0) 
Change in Storage 
-17,010 +5,490 +20,000 
Water entering minus water leaving 
Net a 
-7,706 (-1.7) +23,595 (+2.0) +6,343 (+0.7) 
a Positive indicates more water entered the marsh than left while minus 
indicates more water left than entered. 
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of water entering Dingle marsh was not significantly different from the 
amount leaving (RANDTEST, p > .05, for details see Appendix, Table 4). 
The evidence indicates that Dingle Marsh was in balance as far as water 
was concerned. 
The most substantial water-level manipulations in Dingle Marsh 
occurred in spring when the marsh was filled to allow water to gravity 
flow into Bear Lake and summer when it was drained to allow water to 
gravity flow out of Bear Lake. During fall and early winter, no change 
occurred in the marsh because no water-level manipulations were 
occurring. 
Total suspended soljj2 
Concentrations.-TSS concentrations were usually highest in water 
entering Dingle Marsh in the high runoff spring and early summers of 
1982 and 1983 and lowest in the falls and early winters of 1981-82 and 
1982-83 (constituent concentrations are summarized in Appendi x, Table 
5) , although regression analyses did not show significant correlations 
between concentrations and flow in the Rainbow Canal (r 2 = .04, n = 42, 
p > .05). This was apparently due to a lag time between the time that 
TSS concentrations peaked and when water flow rates peaked (Fig. 6). 
TSS, PP, and TP concentrations tended to peak earlier than flows and 
decrease considerably by the time flows peaked. In 1982, TSS 
concentrations peaked in mid-April and dropped to prepeak levels by 
May, but spring runoff peaked in late April and remained high 
throughout May and June. In 1983, TSS concentrations reached a maximum 
in March, while spring runoff peaked in late April and remained high 
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through June. The lag time between maximum TSS concentrations and 
flow-rates resulted in a nonsignificant linear correlation. 
A one-way ANOVA indicated no significant differences (p = .62) 
among mean TSS concentration in 1981 as water flowed through the marsh 
and into Bear Lake (Fig. 7). In 1982, however, ANOVA indicated 
significant differences (p < .05) between mean concentrations, and an 
LSD analysis showed mean concentrations at the upper sites, Rainbow 
Canal, 7, and 6, to be significantly higher (a = .05) than mean 
concentrations at lower sites. TSS were sedimenting as water flowed 
through the marsh, and s i gni fi cant reductions usua 11 y occurred by the 
time water reached site 5. 
Loadings.-Bear River contributed 79-98 percent of the TSS 
loadings to Dingle Marsh. Bear Lake at Lifton Station contributed a 
substantial amount (18%) of the TSS loading to Dingle Marsh in 1981 
(Table 5). The remaining external sources contributed a combined 
total of less than 4 percent in all sample years. Bear Lake was 
probably a relatively large source of the TSS loading to Dingle Marsh 
in 1981 due to the large volume of water drained from the lake for 
irrigation needs. \ 
Most of the suspended solids leaving the marsh left through the 
Outlet Canal and flowed down the Bear River, except in spring 1982 when 
over 50 percent of the TSS leaving Dingle Marsh entered Bear Lake. 
This was due to the refilling process being carried out in Bear Lake. 
After lowering the water level in Bear Lake considerably in 1981 
(drought year), the lake was refilled in spring 1982 and more TSS than 
usual entered the lake. Also, when the Lifton Causeway structure was 
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TABLE 5. Contributions of total susoended solids from different sources to 
loadings in Dingle Marsh, Idaho (Figures in parentheses are percents of total 
contributions). 
Year 
Site I I 
Entering marsh (x 106 kg/yr) 
Rainbow Canal 
Lifton Station 
Composite (St. Charles, 
Spring, and Bloomington 
Creeks, and Ream-Crockett 
Canal 
12.28 (78.8) 
2.79 (17.9) 
0.53 (3.3) 
80.00 (96.0) 
0.84 (1.0) 
2 . 49 (3.0) 
Leaving marsh (x 106 kg/yr) 
Outlet Canal 11.72 (83.3) 20.23 (65.0) 
Lifton Station 2.35 (16.7) 5.67 (18.2) 
Lifton Causeway -0- 5.23 (16.8) 
Total entering (x 1g6 kg/yr) 15. 58 83.33 
Total leaving (x 10 gg/yr) 14. 07 31 . 13 
Net differencea (x 10 kg/yr) + l . 51 +52.50 
Percent retained 0/released +9.7 +62.6 
~Positive indicates more TSS entered the marsh than left. 
Positive indicates a net retention. 
I I I 
65.70 (97.5) 
0.57 (0.8) 
1.13 (l.7) 
32.16 {75.7) 
3. 58 ( 8. 4) 
. 6.77 (15.9) 
67.40 
42. 51 
+24.89 
+36.9 
+'> 
w 
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utilized, as much TSS moved through this site during the short time it 
was being utilized as through Lifton Station in an entire year. 
Mass-ba1ance.-The marsh was an annua1 net sink for TSS, retaining 
as much as 63 percent of the entering TSS in a11 study years even 
though Year III was not a full year (Tab1e 5). Differences between 
input and output were not significant (p = .79) in Year I; however, 
differences were high1y significant in Year II (p = .01) and, to a 
1esser extent, in the incomplete Year III (p = .16). A significant 
amount of TSS was probably not retained in Ding1e Marsh in summer 1981 
due to the 1arge amounts of TSS flushed from the marsh from 1ate June 
through September in 1981 (Fig. 8). Little water was entering the 
marsh through the Rainbow Cana1, and water low in TSS concentrations 
from Bear Lake was flushed through the marsh. The net effect \'las a 
flushing action as Bear Lake water picked up a sediment load as it 
flowed through the marsh. The marsh may, therefore, act as a net 
source for TSS when these two events occur simu1taneous1y. 
Chlorophyll ~ 
Mean ch1orophy11 ~ concentrations (corrected for phaeophytin) 
tended to increase in the area of Mud Lake, especially in the spring of 
1982. Mean concentrations were 1ower in general in 1981 when water 
levels and f1ows were much lower. The marsh was a net sink for 
chlorophyll~ in 1ate winter of 1983, but by May it had become a net 
source (Fig. 9). The marsh became a net source for chlorophyll ~ 
immediately after ice-out probably because increased light penetration 
stimulated al gal growth. From February through September, the period 
in which chlorophyll a mass-balance dynamics were estimated, the marsh 
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released about 25 percent more chlorophyll a than it received (p = 
. 17). 
Phosphorus 
Concentrations.-Phosphorus concentrations in water entering the 
marsh through Rainbow Canal were highest in spring and early summer, 
and usually were lowest in late fall and early winter. Total 
phosphorus concentrations entering at Rainbow Canal were estimated as 
high as 688 µg/1 while maximum phosphate concentrations were as high as 
59 µg/1. Concentrations of TP and P04-P tended to decrease as water 
moved through the marsh with TP and P04-P concentrations usually 
dropping to less than 150 µgjl and 15 µg/1, respectively, by the time 
water reached Mud Lake. PP, TOP, and DOP concentrations followed a 
pattern similar to TP, i.e., lowest in fall and early winter. 
Mean TP and P04-P concentrations were impacted to a greater extent 
by the marsh in 1982 (wet year) than in the dry year 1981, probab l y 
because of the higher concentrations entering the marsh during the wet 
year (Fig. 10). Mean TP concentrations were not significantly 
different among sites in 1981 (one-way ANOVA, p = .79) nor were mean 
P04-P concentrations (p = .75). In 1982, however, one-way ANOVA 
indicated differences among mean TP concentrations (p s. .01) and among 
mean P04-P concentrations (p s. .05). An LSD analysis indicated that 
mean TP concentrations were significantly higher ( a = .05) at the 
upper sites, Rainbow Canal and site 6, than at the lower sites. 
Similarly, mean P04-P concentrations were significantly higher (a = 
.05) at the upper sites, Rainbow Canal, 7, 6, and 5, than at the lower 
48 
20 
1982 
15 21 0 
' \ 
l 0 \ LSD 140 
\ 
\ 
LSD \ 
5 \ 70 .._ 
----....-
-
0 0 
Ol 
;:J. 
-
---
Ol 
;:J. 
Cl.. 
I Cl.. 
<;j- I-
0 
o.. 15 210 
Scale: 13 mm = l km 198'1 
1 TP 10 LSD P04-P - - - 140 
LSD 
5 70 
~, 
' 
/ ...... 
--· 
-
0 0 
Rainbow 7 6 5 4 ML 2 Lifton 
Canal Station 
Site 
FIG. 10. Mean concentrations of phosphorus calculated only for 
those sample dates when water was flowing down Rainbow Canal, through 
Black Canal, through Lifton Station into ~ear Lake. (Mean TP 
concentrations were significantly higher at sites Rainbow Canal and 6 
than at sites 7, 5, 4, ML, 2 and Lifton Station at a= .05 in 1982, 
but none were significantly different in 1981, and mean P04 -P 
concentrations were significantly higher at sites Rainbow Canal, 7, 
6, 5 and 4 than at sites ML, 2 and Lifton Station in 1982, but none 
were significantly different in 1981 .) 
49 
sites. Thus, significant decreases in mean phosphorus concentrations 
occurred as water flowed through Dingle Marsh. 
Total phosphorus entering Dingle Marsh through the Rainbow Canal 
consisted primarily of particulate phosphorus. A regression of PP 
concentrations on TP concentrations in Rainbow Canal from May 1982 
through September 1983 resulted in the regression equation 
PP ( 11 g/1) = -23.4 + 0.964 TP (µg/1) 
with an r 2 value of 0.99 and a Durbin-Watson Statistic of 2.11; 
i ndicating no autocorrelation (n = 21, p : .05). Since PP made up most 
of the TP entering Dingle Marsh at Rainbow Canal, a regression of TP 
concentrations on TSS concent r ations measured at this site between 
April 1981 and September 1983 yielded the regression equation 
TP (µ g/1) = 52.4 + 1.16 TSS (mg/1) 
with an r 2 of 0.85 (n = 43, p :: .05) and a Durbin-Watson Statistic of 
1.65 (no autocorrelation), while a regression of PP concentrations on 
TSS concentrations collected from May 1982 through September 1983 (n = 
19, p :: .05) resulted in a regression equation of 
PP (µg/1) = 51.8 + 1.10 TSS (mg/1) 
with an r 2 of 0.84 and a Durbin-Watson Statistic of 2.08 (no 
autocorrelation). A regression of TP loading on TSS loading at Rainbow 
Canal collected from Apri 1 1981 through September 1983 produced the 
equation 
ln(TP kg/day)= -4.81 + 0.883 ln(TSS kg/da y ) 
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with a high degree of correlation (r 2 = 0.85, n = 42, < p .05). 
However, the Durbin-Watson Statistic (0.98) indicates a high degree of 
autocorrelation which is to be expected because concentrations of 
phoshorus and suspended solids were multiplied by the same flow rates 
to estimate loadings. Regardless of autocorrelation, the regression 
equation can be used to estimate TP loading at Rainbow Canal from 
suspended solid measurements. 
P04-P concentrations in the Rainbow Canal were only weakly 
correlated with TP concentrations (r2 = 0.23, n = 43, p : .05) although 
P04-P and DOP concentrations were more closel y related (P04-P 119/1 = 
-0.80 + 1.64 DOP 119/l: r 2 = 0.61, n = 21, p : .05). Since PP made up 
most of the TP concentrations, only a small portion was relegated to 
dissolved phosphorus, thus P04-P and DOP were not well correlated with 
TP. 
Concentrations of TP in precipitation varied from 19 to 40 119/1 
and averaged 28 119/l (Appendix, Table 6). The mean P04-P concentration 
in precipitation averaged about 40 percent of the TP; however, P04-P 
concentrations were higher in rain than in snow averaging more than 
twice as high in precipitation falling as rain than in snow. Mean TOP 
contributed about 71 percent of the mean TP concentration in 
precipitation although the proportion should be higher in rain than in 
snow if TOP followed a similar pattern to P04-P. 
Loadings.-The amount of TP and P04-P entering and leaving Dingle 
Marsh at Lifton Station in Year I was calculated by taking the product 
of the weighted mean TP and P04-P concentrations and total volume of 
flow. The weighted mean TP and P04-P concentrations entering the marsh 
at Lifton Station in Year I were about 15 and 2 11g/l, respectively, and 
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the weighted mean TP and P04-P concentrations leaving the marsh were 
about 15 and 5 µg/1, respectively. 
Bear River contributed most of the phosphorus loading to Dingle 
Marsh in all years supplying over 77 percent of the TP and 53 percent 
of the P04-P to the marsh (Table 6). In Years II and III, Bear River 
contributed over 90 percent of the PP, 65 percent of the TOP, and 68 
percent of the DOP. Bear Lake, at Lifton Station contributed 
substantial amounts of TP and P04-P to the loadings into the marsh in 
Years I and II. The la ke was also a substantial loading sour ce for TOP 
and DOP in Year II , but it was not a major contributor of PP to the 
marsh (it contributed an estimated 5.5 percent and 0.1 percent for the 
PP loading to the marsh in Years II and III, respectively). Usually, 
most phosphorus leaving the marsh left through the Outlet Canal and 
fl owed down the Bear River. 
Mass-balance.-Dingle Marsh acted as a net annual sink for all 
fractions of phosphorus in all sample years, retaining as much as 52 
percent of the entering TP and PP and as much as 46 percent and 11 
percent of the entering P04-P and DOP, respectively (Table 6), 
although not all differences were significant. The differences between 
TP entering and leaving the marsh in Years I and III were not 
significantly different, nor were the differences in P04-P in Year I. 
The marsh was not a significant sink for PP in Year II nor DOP in any 
year. DOP are dissolved forms of phosphorus relatively unavailable for 
plant growth and stable which is probably why the marsh was not 
removing (or adding) significant amounts to the water column. 
TP and PP mass-balance dynamics were very similar due to PP making 
up such a large proportion of TP (Fig. 11 ). The marsh fluctuated as a 
\ 
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TABLE 6. Contributions of phosphorus from different sources to 
loadings in Dingle Marsh, Idaho. (Figures in parentheses are 
percents of total contributions). 
Site Year TP P04-P TOP DOP pp 
Entering marsh (kg/yr} 
Raf nbow I 21,965 (79.3) 1,123 (53. 4} 
Canal II 146,710 (87 . 0) 11,878 (62.9) 21,561 ( 65. 4) 9,167 (68.3) 23.064 ( 91. 9) 
[II 140,395 (96.4) 21,022 (91.9) 32,621 (90.5) 12,170 (88.8) 108,186 (98.4) 
L f fton I 3,825 ( 13.8) 449 (21.4) 
Station II 15,521 (9.2) 5,044 (26.7) 8, 142 (24.7) 3, 154 (23.4) 7,381 ( 5. 5) 
Ill 1,659 ( 1.1) 714 (3. l} 1,582 (4.4) 856 (6.2) 77 (0.1} 
Compos fte I 1, 256 (4.5) 278 (13.2) 
St. Charles, II 5,700 (3.4) 1,672 (8.9) 2,731 (8.3) 920 ( 6. 9) 3,341 (2 .5) 
Spring and., Ill 3,009 (2.1 ) 930 (U} 1,463 (4 . 1) 544 (4.0) 1,568 ( 1 .4} 
Bloomington 
Creeks with 
Ream-Crockett 
Canal 
Pree! pitatfon I 645 (2.4) 253 (12.0) 
II 752 (0.4) 295 (1 .6) 537 ( 1.6) 188 (l .4) 134 (0.1) 
!II 529 (0.4) 208 (0.9) 378 (l.O) 132 ( 1 .O) 95 (O. l) 
Leaving marsh (kg/yr} 
Outlet [ 16,924 ( 69. 9) 916 (54.5) 
Canal [! 60,469 (74.8) 9,895 (86.8) 17,428 (67 .4) 7,926 ( 59. 5) 42,819 (69.2) 
[II 78,727 (73.2) 8,111 (66.2} 15,247 (62.5) 7, l 33 (58.7) 63,469 (75.9) 
Lifton I 7,296 (30. 1} 766 ( 45. 5) 
Station [I 12,493 ( 15. 5) 1,145 ( 10.0) 4,746 ( 18. 4} 2,526 ( 19.0) 12,487 (20.2) 
[II 10,995 ( 10.2) 1,909 ( 15.6) 3,649 ( 14.9) 1,739 ( 14 .3) 7,562 (9 . O) 
Lifton I -0- -0-
Causeway II 7,873 (9.7) 359 (3.2) 3,661 ( 14 .2} 2,870 ( 21. 5) 6,543 ( l 0.2) 
III 17, 796 (16.6) 2,237 (18.3) 5,515 (22.6) 3,278 (27.0) 12,620 ( 15 .1) 
Total entering I 27,691 2, l OJ 
marsh (kg/y r ) !I 168,683 18,889 32,971 13,429 133,920 
III 145,59 2 22,874 36,044 13,702 109,926 
Total leaving [ 24,220 1,682 
marsh (kg/yr) II 80,835 11, 399 25,835 13,322 61,849 
III 107,519 12, 257 24,441 12,150 83,651 
Net di fferencea I +3,471 +421 
(kg/yr} !I +87 ,848 +7,490 +7, 1 36 +107 +72,071 
III +38,073 +10,617 + 11,633 +l ,552 +26,275 
Percent [ +12.5 +20.0 
retained [[ +52. l +39.7 +21.6 +0.8 +53.8 
or releasedb Ill +26.2 +46.4 +32.3 +11.3 +23.9 
~Positive indicates more phophorus entered the marsh than left. 
Positive i ndi cates the percent of entering phosphorus that was retained by the marsh. 
10,000 
SOURCE 
1,000 1,000,000 
~ ~ 1981-1982 100 10,000 10 ~ 100 
-
0 0 
~ \ ~ 
~ 10 tY '6-- -~ - 100 
"'C 100 10,000 
" on 1,000 1,000,000 ~ SINK 
-
(J) 1,000 SOURCE 1,000,000 
:: 100 
,'f\ r\, 1982-1983 10,000 i.. 0 10 100 
.c 0 0 
C. 
(J) 10 100 
0 100 10,000 
.c 
Q.. 1,000,000 1,000 SINK 
.... 1,000 SOURCE ~ ,,----, 
1,000,000 
z 100 1983-1984 10,000 
10 100 
I TP • • 
0 pp o--~ 0 
10 \ 1 TSSC..----6 100 
100 
't:. 10,000 
1,000 1,000,000 SINK 
M J J A s 0 ti D J F M A 
Month 
FIG. 11. Mass-balance diagram for TP, PP and TSS showing 
net difference between input and output in kg/day for Dingle 
Ma rs h, Ida ho. 
53 
~ 
~ 
~ 
Oil 
~ 
f/) 
f/) 
... 
..., 
~ 
z 
54 
net sink and source for TP in the spring of 1981, but became a net 
source by July and remained so the remainder of the summer. The marsh 
was a strong net sink for TP during late winter, spring, and early 
summer of 1982, but again became a source for TP in August of 1982 and 
again in November and December. TP and PP were retained in the marsh 
during late winter and spring of 1983, but were again released by the 
marsh in summer. The absence of clearly defined patterns makes 
interpretation difficult. However, PP and thus TP seem to be released 
from the marsh pr i marily due to scouring since TP and PP dynamics were 
very similar to TSS dynamics. 
Dissolved phosphorus mass-balance dynamics were different from PP 
dynamics. The marsh was a strong net source for P04-P only 5 of the 44 
sample dates (11 %) (Fig. 12). These dates coincided with spring of 
1981, summer and fall of 1982, and again in spring of 1983. The marsh 
may have been a net source for orthophosphates in summer and fall of 
1981, but differences between input and output were minimal. Dingle 
Marsh alternately acted as a net sink/source for DOP during the study 
and TOP dynamics reflected P04-P and DOP dynamics since TOP was a 
summation of the two fractions. 
Diel mass-balance dynamics 
Suspended solids and chlorophyll.-Diel TSS loadings into Dingle 
Marsh were highest in May, June, and August of 1983. Loading values 
were lowest in July and September, which corresponded to the times when 
the marsh was acting as a net source for TSS. The amounts of TSS 
estimated entering and leaving Dingle Marsh in kg/hr remained 
relativel y constant during a 24 hour period. 
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The marsh was a net daily source for chlorophyll~ from May 
through September (1983); however, the months of May and September 
yielded the smallest differences between inputs and outputs with the 
marsh alternating as a weak net source and sink. While there were 
variations in input and output values at different times during 24 hour 
periods, little could be attributed to changes brought about due to the 
influence of night and day acting on biological factors which may have 
been influencing TSS and chlorophyll mass-balance dynamics. 
Total and particulate phosphorus.-Total phosphorus dynamics were 
primarily a reflection of PP dynamics since PP made up the bulk of TP. 
The greatest differences between amounts of TP and PP entering and 
leaving Dingle Marsh occurred in May of 1982 and 1983 and i n June of 
1983, but the variances of the mean inputs and outputs were relative l y 
small; coefficients of variation were less than 11 and usually less 
than 7. In June 1982, the marsh became a net source for TP and, to a 
lesser extent, PP at midnight (Fig. 13). The only other time the marsh 
changed from being a net source to a net sink during any 24 hours 
period was in August of 1983 when it reversed itself and became a net 
sink for TP and PP at dusk. The June increase resulted from a release 
of phosphorus by the marsh during the night, and the October increase 
resulted from repair work in Rainbow Canal in which sediments, and 
therefore phosphorus, were resuspended in the water column. By 1 ate 
June of both years, TP and PP entering the marsh roughly equaled the 
amount leaving, but the marsh was a net source for these constituents 
by August. 
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FIG. 13. Total amounts of PP entering and leaving Dingle 
Marsh, Idaho at different times during twenty-four-hour 
sampling periods. (Hatched areas indicate periods when marsh 
was a net source for PP.) 
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Dissolved .E_hosphorus.-Total dissolved phosphorus dynamics 
resulted from the sum of DOP and P04-P dynamics. In June and August 
of 1982, Dingle Marsh released large amounts of dissolved phosphorus in 
the form of P04-P (Fig. 14) since similar large releases were not noted 
for DOP, the dissolved phosphorus remaining when P04-P was substracted 
from TOP (Fig. 15). This nighttime release occurred to a lesser extent 
in October 1982. The releases of P04-P at night in the marsh were 
accompanied by a pervading odor of hydrogen sulfide around the entire 
per i mete r of the marsh, especially shortly before dawn, indicating 
anaerobic conditions in the marsh at night. These releases were not 
noted in 1983, and the strong smell of H2S was also absent, indicating 
that high flows through the marsh in 1983 may have large1y prevented 
anaerobic conditions from occurring. 
The marsh was a strong net sink for P04-P in late May 1982, but 
was releasing P04-P at night during anaerobic conditions by late June. 
In late July, the marsh was a weak sink for P04-P, but it was releasing 
large amounts at night again by late August. In May of 1983, the marsh 
was a net sink for P04-P and was even a stronger sink by early June. 
Thereafter, the marsh was roughly in balance, although it was a weak 
net sink in July. 
DOP dynamics were different from P04-P dynamics. In May 1982, the 
marsh alternately acted as a net sink and source for DOP, but actually 
released more DOP than it received. It was again a net source for DOP 
in May 1983, but was a strong sink for OOP in June 1983. The marsh was 
roughly in balance at all other times. The DOP released in early 
spring soon after ice-out were probably products from 1 i tter 1 eachi ng 
and deca y released when the ice thawed. Except for periods when -ver y 
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large amounts of DOP entered the marsh (i.e., June 1983), the marsh 
remained in relative balance for DOP. 
11! ~ experiment 
Particulate phosphorus.--Concentrations of particulate phosphorus 
decreased in all treatments except treatment 1 in which the water was 
stirred to resuspend particulate materials before samples were taken 
and once at night in treatment 5 (detailed data are summarized in 
Appendix, Table 7). PP concentrations also occassionally increased in 
treatments 7 and 8 which were actually controls and reflected increased 
TSS loads in inflowing water. A two-way ANOVA indicated that there 
were significant effects among treatments, time, and months as well as 
significant interaction effects (details in Appendix, Table 8). 
PP concentrations decreased at a more rapid rate the first 9-15 
hours of the 24-hour experiment than during the second 9-15 hours due 
to larger and more massive particles quickly settling from the water 
column and taking associated PP with them. Finer particles with 
associated PP continued to settle the remainder of the experiment, but 
at a slower rate. When the rate of PP decrease/increase in µg PP/1/hr 
was regressed on the rate of TSS decrease/increase in mg TSS/1/hr, a 
significant relationship (n = 75, p : .05) was observed (Fig. 16). The 
rates of change in PP were calculated for nighttime, daytime, and for 
24-hour periods as were rates of change in TSS. Thus, the change in PP 
was simply a function of the changes in TSS which were, in most cases, 
settling to the sediments due to reduced turbulence in the enclosures. 
A 24-hour rate of PP decrease/increase prediction (ln (24-hr rate of PP 
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decrease/increase µg/1/hr) = -3.74 + 1.16 ln (initial TSS cone. 
mg/l):r 2 = 0.89) could be made simply by knowing the initial 
concentration of TSS; however, this relationship did not hold true when 
changes were subdivided into nighttime and daytime rates since rates of 
PP changes varied with time due to different settling rates of 
different sized particles. 
Occassionally, i.e. July, TSS concentrations (and therefore PP 
concentrations) increased in treatment 5 (exposed to sediments). This 
was due to release from the sediments of brown, viscous appearing mats 
which floated to the surface of the water. A microscopic examination · 
r evealed the composition of the mats to be primarily i norganic 
sediments such as sand. Interwoven within the sediment particles were 
much filamentous algae, especially Spyrogyra spp. and numerous 
unicellular diatoms; all alive and very active. Apparently, mid to 
late summer conditions within the marsh favored a situation which 
allowed these clumps of sediments with associated algal communities to 
float to the surface and exit the marsh with flowing water. This could 
have occurred if the algae were producing a gas that became trapped 
within the sediment matrix and, since the sediments were . held together 
by filamentous algae, resulted in floating clumps of algae and 
sediments . . Short-term sizeable releases of particulate phosphorus and 
total suspended sol ids from the marsh could have resulted, although it 
was probably not significant in this situation due to the large amounts 
of PP and TSS entering the marsh. 
PP could have increased in the enclosures due to plankton uptake 
of dissolved phosphorus. When plankton remove dissolved phosphorus 
from the water column and incorporate it into their cellular 
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structures, it is subsequently measured as PP. Sedimentation of PP 
occurred so rapidly, however, that increased concentrations of PP were 
masked by the rapid decrease in concentrations. PP dynamics were 
therefore described only in terms of TSS sedimentation, and uptake of 
dissolved phosphorus by plankton remaining in the water column was 
assumed to be negligible. 
Dissolved phosphorus model.-The original equations derived to 
model dissolved phosporus dynamics within the six treatments of the in 
situ experiments were modified due to unforeseen events occurring in 
s o m e t r e a t m e n t s • E q u a t i o n ( l ) c = .6. P ( Tl ) / c h l . ~ ( mg ) / t i m e ( h r ) 
remained unchanged and was used to determine net rate of dissolved 
phosphorus uptake/rel ease in treatment l by plankton. 
Equation (2) d = [.6. P(T3) c(chl. ~ (T3))]/detritus (gm)/time (hr) 
and equation (3) p = [t.P(T4) c(chl. ~ (T4))]/periphyton (gm)/time 
(hr) were intended to estimte the net rate of dissolved phosphorus 
uptake/rel ease by detritus and associated peri phyton and organisms in 
treatment 3 and by periphyton and associated organisms in treatment 4. 
These equations were modified to read (2) d = [.6. P(T3) - c(chl. a 
(Tl))]/detritus (gm)/time (hr) and (3) p = [.6.P(T4) - c(chl. a 
(Tl))]/periphyton (gm)/time (hr). In both equations, the Tl was 
substituted for T3 or T4 when determining the mass of phosphorus 
removed from the water by plankton (as measured by chl. ~). Thus, the 
amount of phosphorus removed/released from/to the water column by chl. 
a in treatment 1 was assumed to be identical in treatments 3 and 4. 
This assumption was necessary because periphyton tended to slough from 
the detritus and wooden dowels when they were placed in the water in 
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treatments 3 and 4, and this resulted in very high initial chl. a 
concentrations in these treatments even though the sloughed periphyton 
tended to settle to the bottom and remain there the remaining 24 hours 
of the experiment. Because the sloughed periphyton was originally part 
of detritus and community or peri phyton and community, any change it 
brought about in dissolved phosphorus had to be attributed to those 
components and not to the plankton community. Therefore, chl. i 
concentrations in treatments 3 and 4 could not be used as indicators of 
phytoplan kton biomass. Because water for treatments l through 4 was 
collected at the same location, it was assumed that the amounts of chl . 
a in all four treatments were ident i cal and that a val id substitut i on 
coul d be made from treatment to treatments 3 and 4. Uptake/rel ease 
of dissolved phosphorus by sloughed periphyton was attributed to 
detritus and community or periphyton and community. 
Equation (4) s =[ LlP(T5) - c(chl. i_ (T5)]/area (m2)/time (hr ) was 
not modified to substitute amount of chl. i and rate of upta ke/release 
by ch l. a i n tr ea t men t l f o r tr ea t m en t 5 . The i n it i a l a m o u n t o f c h l. a 
in treatment 5 sometimes varied from that in treatments 1-4 because 
treatment 5 was initiated first to avoid stirring up bottom sediments. 
Dipping up water for treatments 1~4 created turbulence and sometimes 
resulted in higher initial concentrations in these treatments. Another 
factor involving treatment 5 (and treatment 6) was that chl. a 
concentrations sometimes increased during the night so that maximum 
concentrations occurred at dawn on the following day. This may have 
been due to vertical migration of motile forms of chl. i producing 
phytoplankton although this is speculation. 
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Equation (5) b = [6P(T6) - (c(chl. ~ (T6)) + d(detritus (T6)) + p 
(peri. (T6)) + s·(area sediments (T6))]/bulrushes (gm)/time (hr) was 
derived to determine the impact of live bulrushes on dissolved 
phosporus in the water column. A major problem in treatment 6 was that 
the amo~nt of periphyton could not be estimated in the enclosures. 
Periphyton was therefore assumed part of the detritus, and weighed with 
the detritus, or was considered as part of the sediments and their 
community. Thus, the term p(peri. (T6)) was assumed to be zero and 
equation (5) became b = [6P(T6) - (c(chl. ~ (T6)) + d(detri tus (T6)) + 
s(area sediments (T6)))]/bulrushes (gm)/time (hr). The liv i ng bulrus h 
stems in the experiments supported very little or no visible periphyton 
communities. Therefore, although net rates of dissolved phosphorus 
uptake/release were estimated from periphyton communi ties on wooden 
dowels, their rates could not be applied to equation (5) and the marsh 
ecosystem as a whole. 
Equation (5) was further modified in May and September, and an 
"unaccounted for" compartment was substituted for bulrushes in the 
equation. In May, no new bulrush growth was emerging from the 
sediments yet when the derived rates of uptake/release were applied to 
the amount of each component (plankton, detritus, and sediments) within 
treatment 6, total change estimated from the model did not equal the 
amount actually measured. Because the amount of bulrushes was zero, 
this additional change was attributed to an unaccounted for 
compartment. A similar event occurred in September after frost and 
death of the bulrushes when summer growth was treated as detritus. 
This leads to the suspicion that none of the changes in phosphorus 
assigned to bulrushes was caused by bulrushes, and that the unaccounted 
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for compartment continued to influence phosphorus throughout the study~ 
If this was the case, then live bulrushes may not have had any 
significant impact on phosphorus cycling in the marsh. 
Dissolved organic phosphorus.-OQP concentrations te .nded to 
increase in all treatments during the night and decrease during the day 
except in August and September when concentrations tended to increase 
night and day. A two-way ANOVA indicated that there were significant 
treatment effects on mean DOP concentrations. 
Mean rates and direction of OOP uptake/release by various marsh 
components tended to vary according to 1 ight conditions and month of 
year, although 1 i ght conditions seemed to be more important for some 
components while season was more important for others (Table 7, Fig. 
17). The direction of DOP flux to/from phytoplankton seemed to be 
controlled by light conditions. On a 24-hour basis, the plankton 
seemed to generally release DOP into the water column with a large 
release at night and a smaller uptake during the day. The 24-hour net 
effect (as wel 1 as night and day) of peri phyton was to remove DOP from 
the water column, as were the net effects due to detritus. The 24-hour 
net effect by sediments was to increase concentrations within the water 
column while live bulrushes seemed to remove DOP from the water. To 
summarize, periphyton, detritus and live bulrushes (or accounted for 
compartment) tended to remove more DOP from the water column than they 
added to it, and the plankton and sediments added more DOP to the water 
than they removed. 
In many cases, spring (May) and fall (September) dynamics differed 
from summer dynamics. In May, direction of net DOP flux was the same 
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TABLE 7. Mean rate of DOP uptake/release by various marsh components 
for different months in Dingle Marsh (n = 2). 
24-Hour Daylight Nighttime 
Chl. a (µ g DOP /mg chl. ~/hr) 
May +O. 061 +0.009 +0.114 
June -0.014 -0.052 +0.024 
July +0.020 -0. 011 +0.071 
August +0.027 -0.022 +0.083 
Sept. +0.034 -0.120 -0.040 
Periphyton (µg DOP/gm peri./hr) 
May 
June - 1 • 2 63 -2.406 -0.122 
July -0.028 -0.046 +O. 111 
Aug. -0.464 + 1 • 050 -2. 184 
Sept. "-
Detritus ( µg DOP/gm det./hr) 
May -0.082 -0.054 -0.111 
June -0.046 -0.276 +O. 184 
July -0.009 -0. 013 -0. 001 
Aug. -0.072 +0.233 -0.433 
Sept. +0.018 -0.220 +0.220 
Sediments (µg DOP/m2/hr) 
May -129.472 -125.967 -132.977 
June +49.103 \ +72.337 +25.868 
July +168.948 -27.167 +495.805 
Aug. +9.761 +78.157 -71 . 071 
Sept. +4.804 -18.045 +24.138 
Bulrushes (µg DOP/gm bulrushes/hr) 
or unaccounted for compartment 
May 
June -2.377 -0.389 -4.364 
July -0.495 +0.815 -2.679 
Aug. -0. 041 - 1. 349 +1.506 
Sept. 
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when comparing night versus day versus 24-hour flux for each marsh 
component. For example, the plankton added OOP to the water column 
night and day while detritus and sediments removed DOP from the water 
column night and day. By June, night and day dynamics were changing 
considerably, and the direction of net fluxes were usually in opposite 
directior:i through August. By September, direction of fluxes during 
night and day were in opposite directions, but they had switched 
directions from the previous month. 
The net change in the amount of DOP in treatment 6 was used as an 
indicator of what the marsh was doing to phosphorus as a whole since 
treatment 6 contained most major marsh components. OOP decreased in 
treatment 6 in May and June, but increased in this treatment in July 
and August (Table 8). The net direction of DOP flux was generally 
into the water column from the plankton (chl. i) and from the sediments 
on a 24-hour basis, but was from the water column and into the marsh 
component for the remaining components. There was a net change in DOP 
unaccounted for in May and September due to the absence of live 
bulrushes. The direction of this unaccounted for flux of DOP was into 
the water column at night and out of the column during the day with a 
24-hour direction out of the water column. The maximum change in DOP 
in treatment 6 occurred in July when a strong net release from the 
sediments and plankton negated a strong uptake attributed to live 
bulrushes especially during nighttime hours. 
Practically all DOP added to the water column in treatment 6 on a 
24-hour basis came from plankton and sediments although detritus 
contributed some DOP.to the water column in September. The plankton, 
however, made most of its contribution at night while sediments 
71 
TABLE 8. Mean amount of DOP uptake/release in µ g DOP/hr in treatment 
6 by various marsh components (positive indicates phosphorus being 
added to the water column by the component while negative indicates 
phosphorus being removed from the water column). 
Component 
Mean 
net amount Unaccounted 
Date removed/added Chl • a Detritus Sediments Bulrushes for 
24-Hour Period 
May - 55 +107 - 20 -102 - 40 
June - 85 - 11 - 11 + 39 -102 
July +120 + 74 4 +133 - 83 
Aug. + 15 + 25 - 12 + 8 6 
Sept. + 8 + 12 + 8 + 4 - 16 
Daylight Hours 
May - 44 + 16 - 13 - 99 + 52 
June - 70 - 43 - 67 + 57 - 17 
July + 69 - 41 6 - 21 +137 
Aug. -124 - 21 + 3'8 + 61 -202 
Sept. + 11 + 42 - 99 - 14 + 82 
Nighttime Hours 
May + 39 +200 - 27 -104 - 30 
June -103 + 20 + 45 + 20 -188 
July +198 +262 1 +389 -452 
Aug. +177 + 78 - 71 - 56 +226 
Sept. + 4 - 14 + 99 + 19 -100 
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contributed DOP night and day. Other marsh components added some DOP 
to the water column on a nighttime or daytime basis, but this was 
usually negated by uptake during the previous/following nighttime or 
daytime segment of the 24-hour period. Maximum contributions of DOP to 
the water column occurred in May and July on a 24-hour basis, July 
through September during daylight hours, and May, July and August 
during hours of darkness. 
Most DOP removed from the water was removed by detritus, 
bulrushes, or an unaccounted for compartment with bulrushes removing 
most of the DOP on a 24-hour basis. Sediments would occassionally 
remove DOP from the water column on a nighttime or daytime basis, but 
this would be offset by the remainder of the 24-hour period so that 
sediments only removed DOP from the water column on a 24-hour basis in 
May. 
The maximum rate of DOP removal from the water column during a 24-
hour period occurred in May. However, the maximum rate of removal 
during daylight occurred in August and was attributed to removal by 
live bulrushes while maximum nighttime removal occurred in July and was 
also attributed to live bulrushes (Alternatively, these could be 
attributed to an unaccounted for compartment). In September, an 
unaccounted for compartment(s) was responsible for removing 100 percent 
(16 µg/hr) of the DOP that disappeared from the water column in a 24-
hour period. 
Orthophosphates.-Concentrations of P04-P tended to decrease night 
and day (except in treatments 7 and 8 which were controls) unti 1 July 
when nighttime increases in P04-P were noticed in treatment 5 and 
September when nighttime increases in P04-P concentrations were 
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observed in all treatments. Concentrations did not decrease in the 
controls due to the continual influx of phosphorus laden water from the 
Rainbow Canal. Reductions in concentrations occurred in all treatments 
in all months during daylight hours (again except occassionally in 
treatments 7 and 8). Results from a two-way ANOVA indicated that 
significant effects from all sources of variation occurred except for 
the effects due to treatment by time by month interactions. 
As with DOP, mean rates and direction of P04-P uptake/release 
tended to vary according to light conditions or month of year with 
light apparently controlling direction of flux to/from detritus and 
sediments and month of year controlling direction of P04-P flux to/from 
1 i ve bulrushes (Table 9, Fig. 18). P04-P was removed from the water 
column by plankton (as determined by chl. ~) during all months and 
during night and day except in September when a net release into the 
water column occurred at night. The release of P04-P by phytoplankton 
in September probably occurred due to freezing temperatures at night 
when a thin skin of ice formed on the surface of the very shallow 
water. Uptake occurred during the day because water temperatures 
increased, and the plankton became active. Phytoplankton 24-hour 
uptake was high in May, increased to a maximum in June and declined 
steadily thereafter. This pattern was followed by nighttime 
phytoplankton rates of uptake, but not by daytime rates of uptake. 
Detritus removed P04-P from the water column on a 24-hour basis 
except in May. However, P04-P was usually taken up by detritus at 
night and released back into the water column during the day. Most 
detritus was heavily colonized with periphyton, and the periphyton 
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TABLE 9. Mean rate of P04-P uptake/release by various marsh components for different months in Dingle Marsh (n = 2). 
24-Hour Daylight Nighttime 
Chl. a (µg P04-P/mg chl. ~/hr) 
May -0.130 -0.059 -0.202 
June -0. 160 -0.108 -0.212 
July -0.126 -0.116 -0. 142 
August -0. 088 -0.152 -0. 01 2 
Sept. - 0.040 -0.137 +0.043 
Periphyton (µg P04-P/gm peri./hr) 
May 
June -2.280 -2.874 - 1 . 686 
July -0.955 -0.229 -2.176 
Aug. -2.348 + 1 . 05 7 -6.308 
Sept. 
Detritus (µg P04-P/gm det./hr) 
May +0.045 +O. 001 +0.090 
June -0.235 -0. 126 -0.343 
July -0. 1 01 +0.014 -0.383 
Aug. -0.674 +0.469 -2.028 
Sept. -0.009 -0. 016 - 0.004 
Sediments (µg P04-P;m2/hr) 
May -51. 584 -211.638 +110.167 
June +14.947 -2.723 +32.617 
July -25.720 -298.964 +427.436 
Aug. -30.215 -34.161 -27.000 
Sept. +l.840 -9. 308 +11.248 
Bulrushes (µg PO~-P/gm bulrushes/hr) 
or unaccounte for compartment 
May 
June -1.151 -0.392 - 1. 918 
July + 1 • 777 +1.316 + 1 • 1 96 
Aug. + 1 . 776 +0.313 +3.536 
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FIG. 18. Rates of P04-P uptake/release by marsh components for 
24-hour periods and during daylight and darkness. Positive 
indicates direction of net flux is into the water column. 
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rather than the detritus itself was probably controlling P04-P 
dynamics. 
Periphyton, on wooden dowels, removed P04-P from the water column 
during all three months in which periphyton grew on the dowels. Dowels 
were placed in the water in May, thus, no periphyton was available 
then, but in September water levels had dropped so low that the dowels 
were no longer in water and could not support periphyton growth. Only 
once did periphyton appear to release P04-P into the water, and that 
occurred in August during daylight hours. 
Sediments almost always released P04-P into the water at night and 
removed it during daylight. This was probably due to anoxic conditions 
at night because dawn measurements indicated low DO concentrations. 
Sediments generally contain much periphyton which could be responsible 
for daytime P04-P uptake. In addition, sediments could remove P04-P 
from the water column by adsorption. 
Live bulrushes (or an unaccounted for compartment) removed P04-P 
from the water early in the growing season (June), but added 
orthophosphates to the water in July and August. Similar dynamics 
occurred at night or during the day indicating that the direction net 
P04-P flux into or out of live bulrushes was controlled by season, 
although magnitude of P04-P flux differed between night and daylight. 
The direction of net P04-P flux in treatment 6 was out of the 
water column except for August and during nighttime hours in August and 
September (Table 10). The 24-hour rate of removal was maximal in July 
and decreased to a minimum in September. Phytoplankton was responsible 
for removing most orthophosphates from the water, removing as much as 
87 percent of the P04-P that disappeared in a 24-hour period. Detritus 
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TABLE 10. Mean amount of P04-P uptake/release in µg P04-P/hr in 
treatment 6 by various marsh components (positive indicates 
phosphorus being added to the water column by the component while 
negative indicates phosphorus being removed from the water column). 
Component 
Mean 
net amount Unaccounted 
Date removed/added Ch 1 • a Detritus Sediments Bulrushes for 
24-Hour Period 
May - 98 -228 + 11 - 41 0 +160 
June -145 - 131 - 57 + 12 + 31 
July -335 -466 - 48 - 20 + 199 
Aug. + 48 - 83 -111 - 24 +266 
Sept. 5 - 14 4 + l 0 + 12 
Daylight Hours 
May -149 -103 0 -166 0 +120 
June -138 - 88 - 31 2 - 17 
July -434 -429 + 7 -235 +223 
Aug. - 46 -143 + 77 - 27 + 47 
Sept. - 65 - 48 7 7 0 3 
Nighttime Hours 
May - 45 -354 + 22 + 87 0 +200 
June -314 -173 - 84 + 26 - 83 
July -170 -525 -183 +336 -202 
Aug. +164 
- 11 -334 - 21 +530 
Sept. + 46 + 15 l + 9 0 + 23 
\ 
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was important at removing P04-P although it seemed more active at 
night. The on1y other important sink for P04-P in treatment 6 was the 
sediment component. Sediments, however, usua11y on1y removed P04-P 
from the water during daylight. 
P04-P was released into the water column in treatment 6 at a 
maximum rate in August. The 1ive bulrush and unaccounted for 
components were important sources for P04-P, releasing P04-P into the 
water column night and day. Sediments released large amounts of P04-P 
into the water column at night although this component removed P04-P 
from the water during the day. Detritus occassionally showed a net 
release of P04-P into the wate r column, and phytoplan kton released P04-
P into the water at night in September at the onset of freez i ng 
tempera tu res. 
DOP and P04.:£. rates of change ~ open water versus bu1 rushes.--A 
comparison of the rates of dissolved phosphorus uptake/release between 
open water (treatment 5) and bulrush (treatment 6) ecosystems indicated 
that significant differences (t-test, a = .05, n = 2 for a11 
comparisons) occurred between the two ecosystems (Fig. 19). During May 
and June, the bu1 rush system removed DOP from the water column at a 
faster rate than did the open water system. From Ju1y through 
September, however, both types of systems released a greater amount of 
DOP into the water than they removed although the bulrush system did so 
at a slower rate. Some component within the bulrush ecosystem seemed 
to be a site for DOP uptake throughout the study. The net effects of 
treatments 5 and 6 on DOP uptake/release were similar throughout the 
season in 1983 differing only in magnitude. The similarity of the 
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FIG. 19. Mean rates of P04-P and DOP uptake / release from/to the 
water in treatment 5, open water community, and treatment 6, 
bulrush community, with positive indicating an addition to the 
water column and negative indicating a removal from the water 
column. (Only August DOP means were not significantly different 
at p < .05 while June, August, and September P04-P means were not 
significantly different; n = 2. ) 
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graphs indicates that a component common to both treatments, possibly 
bacteria, were mediating DOP dynamics. Orthophosphate was removed at a 
significantly greater rate by the open water system in May and July 
suggesting that a component within the bulrush system was releasing 
P04-P into the water column. There were no significant differences in 
rates of P04-P uptake between open water and bulrush ecosystems during 
June, August and September. 
DISCUSSION 
Annual TSS and phosphorus 
mass-balance dynamics 
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Dingle Marsh was a net annual sink for TSS, TP, and P04-P in all 
study years, including the partial Year III. These results are 
consistent with some other wetland mass .. balance studies on suspended 
solids and phosphorus, t hough not all. Axelrad et al. (1976), for 
example, reported that two marshes on the York River were net sinks for 
phosphorus while Peverly (1982), in studying the Oak Orchard Creek 
system in western New York, a marsh of calcareous till sediments 
(marl), found that the marsh was almost in equilibrium for phosphorus 
with a small net retention. Heinle and Flemer (1976), however, 
reported that Gott's Marsh was a net source for total phosphorus. 
The efficiency with which Dingle Marsh removed suspended sol ids 
and phosphorus from flow-through waters varied between sample years. 
The marsh was less efficient at retaining suspended solids and 
phosphorus in Year I (the drought year) than in Years II and III, 
retaining about 10, 13, and 20 percent of the TSS, TP, and P04-P, 
respectively, in Year I. Peverly (1982), on the other hand, noted a 
net retention of phosphorus by Oak Orchard Creek Marsh only during the 
second year of his study when fl ow through the system was about one-
half that in the first year. Thus, Dingle Marsh and the Oak Orchard 
Creek marsh reacted in an opposite manner in retaining nutrients based 
on annual flows through the system. 
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Percent retained, for TSS and a 11 fractions of phosphorus except 
D0P, was higher in Year II and the partial Year III, for which inflow 
was approximately equal to output. Year II resulted in the marsh 
retaining about 63, 52, 40, 22, and 54 percent of the inflowing TSS, 
TP, P04-P, TSP, and PP, respectivley. In comparison, Scheider (1978) 
estimated phosphorus budgets for several small Precambrian shield lakes 
and reported that from 16 to 41 percent of the influent phosphorus was 
retained by the lakes. MacCrimmon (1980) estimated that the Wye Marsh 
had a mean net retention of 29 percent for total phosphate (36% for the 
ice-free period) while Barten (1983) reported that the 25 ha Clear 
Lake, a marsh in southern Minnesota, removed 51 and 35 percent of the 
TP and TSS, respectively, from flow-through waters in 1981. After 
marsh modification designed to increase retention time of water in the 
Cl ear Lake Marsh, the wetland removed 70 and 90 percent of the TP and 
TSS, respectively, from flow-through waters in 1982. The lower removal 
rates in 1981 were attributed to short detention times . 
Simpson et al. (1983), as well as Gosselink and Turner (1978), 
have suggested that summer phosphorus mass-balance dynamics in wetlands 
are controlled by hydrologic characteristics, i.e., velocity of water, 
timing and duration of inundation, and rate of renewal. The efficiency 
at which Dingle Marsh removed suspended solids and phosphorus on an 
annual basis may have been related to the hydrology of the system. 
Year I was a relatively dry year with only 39 percent as much water 
entering the marsh as in Year II. The marsh retained a smaller 
fraction (percent) of suspended solids and phosphorus with the 
decreased loading in Year I. 
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Several mechanisms related to hydrology may have been operating to 
cause such results. During the dry year (Year I), water levels were 
lowered until the marsh consisted primarily of Mud Lake and 
interconnecting canals. This considerably reduced the area of marsh 
acting on flow-through waters, although the amount is uncertain. A 
reduction in the area of the marsh also resulted in a reduction in the 
amount of certain biological components to which the water was exposed. 
For example, as water levels receded, much of the flooded bulrushes was 
left above water level, thus removing a l arge amount of what may have 
been a vital component in the phosphorus cycle. Also, smaller amounts 
of some types of sediments may have been submerged with lower water 
levels in Year I. Sediments within the bulrush stands may have been 
higher in organic content than sediment in open water, and nutrient 
flux between the different types of sediments and the overlying water 
could be quite different. 
Death and sedimentation of the greater plankton densities in Year 
II could have increased the rate of phosphorus incorporated into the 
bottom sediments. Chlorophyll i concentrations were higher in Year II 
when water levels were greater suggesting that the increased nutrient 
loading into the marsh and the greater volume of water resulted in 
greater amounts of phytoplankton and therefore, higher flux rates of 
phosphorus out of the water column. 
Generally, it might be expected that reduced flows such as in Year 
I would result in greater amounts of suspended solids and associated 
nutrients settling out of the water column resulting in a higher 
percent of TSS and PP (as reflected by TP) being retained by the marsh. 
This did not happen in Dingle Marsh, but these results could be unique 
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to this particular marsh and may have resulted due to the release of 
Bear Lake Water through the marsh. Bear Lake water was generally low 
in TSS and phosphorus concentrations. Most Bear Lake water flowed 
rapidly through the Outlet Canal and exited the marsh rather quickly. 
It is probable that sediments and associated phosphorus could have been 
scoured from the canal by the water and carried out of the marsh during 
the dry Year I when Bear Lake water was needed for downstream 
irrigation. 
Seasonal TSS and phosphorus 
mass-balance dynamics 
Total phosphorus entering Dingle Marsh, especially from Bear River 
through Rainbow Canal, consisted primarily of particulate phosphorus 
which was highly correlated with total suspended solids concentrations. 
In comparison, Barten (1983) reported that 75 percent of the effluent 
phosphorus in Clear Lake, a Minnesota marsh, was in the particulate 
form and was removed by sedimentation. MacCrimmon (1980) described a 
significant correlation between turbidity and TP in the Wye Marsh with 
P04-P making up 21-24 percent of the TP. 
Seasonal mass-balance dynamics of TP and PP in Dingle Marsh were 
explainable in terms of TSS mass-balance dynamics. Only once (August 
1983) did TP and PP mass-balance dynamics differ considerably from TSS 
mass-balance dynamics. TSS, TP, and PP mass-balance dynamics were 
probably controlled primarily by the hydrology of the system with 
sedimentation accounting for TSS, TP, and PP removal from the water and 
scouring by Bear Lake water removing TSS, TP, and PP from the marsh. 
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When relatively clear Bear Lake water was flushed through the marsh, 
and loadings from the Bear River through the Rainbow Canal were 
simultaneously reduced, the marsh tended to be a source for TSS and, 
therefore, TP and PP. These two events occurred together most often in 
the summer after spring runoff and when Bear Lake water was needed 
downstream for irrigation purposes. 
Mass-balance dynamics of dissolved phosphorus (P0 4-P and DOP) 
varied between seasons and between sample years. Dissolved phosphorus 
dynamics probably varied due to seasonal effects as well as yearly 
differences in the marsh's hydrology. Late spring and summer P04-P 
mass-balance dynamics were quite variable in sample Year I (the dry 
year) probably because of the dry spring which resulted in low spring 
runoff and low water levels in the marsh. During this period, Bear 
Lake water, which was low in dissolved phosphorus concentrations, was 
drained through the marsh earlier than usual. During the remaining 
summer, fall and early winter of Year I, the marsh was in balance for 
P04-P since hydrologic conditions remained relatively constant, e.g., 
marsh water levels were very low, normally high loadings from the Bear 
River via Rainbow. Canal were low, and flows of low phosphate bearing 
Bear Lake water through the marsh were relatively high. 
Reduced area of marsh in contact with flow-through waters may be 
sufficient to explain why the marsh was not a net sink for P04-P in 
1981. If some marsh component, such as flooded bulrush stems, were no 
longer inundated, then it and its associated communities could no 
longer remove dissolved phosphorus from the water. 
Differences in P04-P concentrations in the overlying water may 
also have been a factor in the results noted. Bear River water, high 
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in phosphorus concentrations, enters one end of the marsh while Bear 
Lake water, low in phosphorus concentrations, enters the other end. If 
Bear River flows were high and Bear Lake flows were 1 ow, then a 1 arge 
amount of phosphorus would be entering the marsh and overlying water 
concentrations would be high. Alternately, if Bear River flows were 
low and Bear Lake flows were high, then the marsh would be receiving 
lower loadings of phosphorus and concentrations in the marsh water 
would be low. The two flow regimes described and the spectrum of 
combinations between the two extremes could have been operating in 
Dingle Marsh to produce the mass-balance results. 
Some i nvestigators have suggested that sediment and overlying 
water phosphorus concentrations alone are sufficient to explain the 
direction of dissolved phosphorus flux in sediment-water systems. 
Stauffer and Peterson (1981) have reported that, in systems of high 
redox potential, phosphorus release depends on its concentration in the 
surficial sediments and the overlying water. Most sediments seem to be 
capable of adsorbing large amounts of phosphate while desorption occurs 
when concentrations in the overlying water decrease (Golterman et al. 
1969). In fact, some investigators feel that sediments act as a buffer 
for phosphate concentrations in the water by releasing phosphates when 
concentrations in the water are low (Ohle 1968, Burns and Ross 1972, 
Tessenow 1972, Golterman 1967, Carritt and Goodgal 1954, Pomeroy et al. 
1965, Harter 1968, Stumm and Leckie 1971). Diffusion models have been 
successfully used by some investigators to model phosphorus release 
from sediments (Tessenow 1972, Kamp-Nielson 1974, Freedman and Canale 
1977, Holdren et al. 1977). 
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Detention time of water in Dingle Marsh may also have influenced 
seasonal phosphorus dynamics. Flow of water through the marsh varied 
considerably during the study since flows varied with season and 
precipitation patterns. Detention times varied from less than two days 
to more than a year. Other studies have suggested detention time as an 
important factor in other systems. For example , lower removal rates of 
TP and TSS by Clear Lake, a Minnesota marsh, in 1981 compared with 1982 
was attributed to shorter detention times (Barten 1983). Ahern et al. 
(1980) recommended a minimum five day detention time to remove a 
majority of particulate phosphorus. A detention time between f i ve and 
seven days resulted i n 88 percent of the phosphorus being removed from 
the waters. They reported that similar results were obtained with an 
even shorter detention time when pr ofuse gr owths of Spirogyra were 
present in the water. 
Year II was a relatively wet year , and the high run-off flows were 
directed through Dingle Marsh and into Bear Lake. The lake filling 
process began near the end of sample Year I (February 1982 ) and 
continued until late July of 1982. The marsh acted as a net sink for 
orthophosphate during the entire period. The marsh was a net source 
for P04-P in August and November of 1982. The August release of P04-P 
may have been due to anaerobic sediment release since hydrogen sulfide 
was apparently released by the marsh. The November release could have 
been due to death and leaching from emergent macrophytes (mostly 
bulrushes) since frost occurs as early as late September in Dingle 
Marsh. 
Another net release of P04-P by the marsh occurred shortly after 
ice-out in April of 1983 and may have been due to release of phosphorus 
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bound in ice and frozen detritus. It is important to note that only 
one sample point is seen during each period that the marsh is acting as 
a net source for phosphorus and one point is insufficient to make 
meaningful statements. Data from the diel sampling, however, 
corroborates the mass-balance data. 
Other investigators have also studied seasonal phosphorus mass-
balance dynamics in freshwater and marine wetlands. Correll (1981), in 
studying the Rhode River Estuary, a small subestuary of the Chesapeake 
Bay in Maryland, found that the orthophosphate mass-bala nce was 
balanced in winter, but that the estuary was a net s i nk for 
orthopho s phat e in spring. MacCrimmon (1980) r eported that the Wye 
Marsh (Lake Huron) was a net source for total phosphates in Februar y 
only and suggested the solubilization of orthophosphate from thawing 
ice which contained frozen bottom sediments during late winter was the 
source of the phosphates. The Wye Marsh was a net sink for total 
phosphates the remainder of the year with maximum total phosphate 
retention by the marsh occurring in July and September. 
Simpson et al. (1983) investigated the impact of some Delaware 
River freshwater tidal wetlands on heavy metals and nutrients and 
reported a small net release of total phosphorus in all months except 
three; July, September, and November. They suggested that the reason 
the marshes may have been net sinks for phosphorus in November may have 
been related to death of vegetation in late October with the 1 itter 
removing phosphorus from the water. Landers (1982), however, estimated 
that senescing aquatic macrophytes accounted for as much as 18 percent 
of the annual TP loading into a large soft-water reservoir in Indiana. 
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Simpson et al. (1978) found that Hamilton Marsh was a net sink for 
orthophosphate during the growing season, and Stevenson (1976) reported 
that Horn Point Marsh was a net source for phosphorus in the winter and 
a net sink in the spring. Larsen et al. (1981), in studying internal 
phosphorus loadings in Shogawa Lake, Minnesota, reported the sediments 
to be a source of phosphorus in late June when anaerobic conditions 
developed. Ahern et al. (1980) reported net releases of nutrients in 
mi d-September and related it to remobilization of nutrients from 
macrophyte decay. 
Ulehlova and Pri bil (1978) studied phosphorus compounds in waters 
from different sites and dis cove r ed two peaks of pho s phor us 
concentrations. One peak occurred in late May and the other occurred 
in la _te July. They attributed these effects to orthophosphates 
released from dying organisms (autolysis) and decaying organic 
material. While Ulehlova's and Pribil's data were not from mass-
balance studies, they indicate seasonal trends in phosphorus abundance 
in waters, which contributes to mass- balance results. 
Van der Valk et al. (1979) suggested that macrophytes and algae 
remove phosphorus from water and release large amounts of it in spring 
and fall due to litter leaching. Simpson et al. (1978) studied the 
distribution and movements of orthophosphate in the surface waters of a 
freshwater tidal marsh and found that P04-P accumulated in the marsh in 
summer with emergent vegetation appearing to play an important role in 
the uptake and retention of phosphorus. Some phosphorus was 
translocated below ground, but most was rapidly leached after death of 
the plants with up to 95 percent of the phosphorus lost by leaching 
within one month. Davis and van der Valk (1978) studied phosphorus 
\ 
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release from several species of aquatic macrophytes and found that most 
stored plant phosphorus was lost back into the surrounding waters the 
first winter and spring after death. Since fallen litter was submersed 
only in the spring in their studies, macrophyte decay had its greatest 
impact on the surrounding water in spring. 
Diel TSS and phosphorus dynamics 
Diel mass-balance dynamics indicated that TSS and PP (and 
therefore TP since TP consisted mostly of PP) dynamics were probably 
controlled by physical processs, e.g., hydrology of the system, and not 
by biological processes because the amounts entering and leaving the 
marsh during a 24-hour period did not vary greatly. If biological 
processes had been involved to a great extent in removing (or 
contributing) TSS and PP from (to) Dingle Marsh waters, then a change 
between daylight and darkness hours might have been expected because 
the presence or absence of light greatly affects many biological 
processs. Although there was some variabi 1 ity in the amount of TSS, 
PP, and TOP entering and leaving the marsh during a 24-hour period, 
none could be attributed to the presence or absence of light. 
The amount of dissolved phosphorus entering and leaving Dingle 
Marsh varied during 24-hour periods, although, as with PP, 1 ittl e of 
the variability in DOP could be attributed to differences between 
daylight and darkness hours. Only once (May 1982) was a release of DOP 
at night by the marsh suspected. 
Orthophosphates, however, were suspected of being released by the 
marsh at night on at least two occasions as determined by diel dynamics 
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(June and August 1982). On both occasions, the odor of hydrogen 
sulfide gas released by the marsh was noted at dawn, indicating that 
areas of the marsh may have become anaerobic thereby resulting in 
reducing conditions which permit releases of H2S and P04-P from the 
sediments. Other studies _, such as MacCrimmon's (1980) study of the Wye 
·.• 
Marsh on Lake Huron, have demonstrated night-time releases of P04-P by 
marshes. MacCrimmon found that P04-P concentrations were highest 
during late night hours which is similar to Dingle Marsh dynamics. 
Phosphate concentrations increased from as low as 3 µg/1 in Wye Marsh 
during late afternoon (1600 hours) to as much as 35 µg/1 after mignight 
(0100 hours). He found that there were no changes in diel P04-P 
concentrations in August and November. 
Statistical tests to test the hypothesis that the marsh released 
more P04-P at night than it received were not available because only 
one point was usually indicative of a net release at night. Diel mass-
balance dynamics did suggest occasional nighttime net releases of P04-
P, and this hypothesis was tested in the enclosure experiments. 
_!.!!~experiment - TSS and PP dynamics 
TSS and associated particulate phosphorus concentrations decreasd 
in all enclosures except the controls and once in treatment 5. An 
increase in PP concentrations occurred in a 24-hour period in treatment 
5 in July of 1983 probably because PP concentrations were low (less 
than 40 µg/1) at the beginning of the experiment and because mats of 
algae in a sediment matrix were released from the sediments. The 
release of algal mats from the sediments probably occurred when oxygen 
produced by the algal cells became trapped in the sediment matri x and 
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floated the entire community free (Lee 1970b). It is possible that 
micro-organisms other than algal cells were responsible for flotation 
of the mats with filamentous algae acting only to bind the sediment 
particles together. Bacteria may have been responsible for producing 
gases, such as carbon dioxide and methane, which resulted in floating 
mats. 
Sediment flotation may be a rather unusual way in which biological 
organisms return phosphorus from the sediments to the water column. 
Activities of invertebrate organisms in sediments which result in an 
increase in the rate of transfer of nutrients from/to the sediment has 
been recognized by many researchers as a potentially important 
component in aquatic nutrient cycling dynamics (Johannes 1964a, b, 
Hargrave 1976, Petr 1977, Krezoski et al. 1978, Gallepp 1979, 
Hornor et al. 1980, Gardner et al. 1981, Lawrence et al. 1982, etc.). 
Barsdate et al. (1974), however, suggested that these organisms, and 
grazers in particular, function mostly in inducing a higher rate of 
phosphorus turnover by bacteria and not necessarily in directly 
releasing phosphorus into the water. 
TSS and PP concentrations decr~ased in the enclosures due to 
sedimentation of particulate material (including plankton) in the 
quiescent waters in the enclosures. Sedimentation of plankton is 
thought to have occurred because chl. a concentrations decreased 
substantially in the enclosures. An increase in PP concentrations 
surely occurred due to plankton uptake of dissolved phosphorus; 
however, reductions in PP concentrations due to sedimentation masked 
increases due to plankton uptake of dissolved forms. 
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Rates of TSS and PP decrease were higher in the first half of the 
24-hour periods and decreased with time as heavier particles settled 
rapidly and smaller particles sedimented with increasing time . Twenty-
four-hour rates of PP decrease could be estimated rather well from 
sedimentation rates of suspended solids indicating the close relation-
ship between suspended .solids and particulate phosphorus. The decrease 
of TSS and PP concentrations within the 24-hour periods probably 
followed a negative exponential rather than a linear relationship. 
_l!]_ ~ experiment - DOP dynamics 
DOP concentrations in the water in the enclosures tended to 
increase at ni ght and decrease during the day. When analyzed according 
to which marsh components were acting on DOP concentrations in the 
water column, the plankton tended to consistently have the greatest 
impact by acting to increase the amount of DOP in the water column with 
a net release at night and a smaller net uptake during the day. 
It is possible that cycling of DOP between the zooplankton, 
including bacteria, and phytoplankton could have produced the results 
observed when only plankton were exposed to the water column. DOP 
concentrations may not have been controlled by phytoplankton, 
especially at night, but may have changed most due to invertebrate 
excretion or bacterial activity. At night, phytoplankton and/or 
bacteria may not have been able to remove DOP from the water while 
zooplankton and/or bacteria may have added to the concentrations in the 
water through defecation. During daylight hours, phytoplankton may 
have been able to utilize a small portion of the DOP through increased 
photosynthetic activity. 
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These planktonic organisms may play an important role in 
regenerating phosphorus in a dissolved form. Johannes (1964b) and 
Hargrave (1970) have indicated that invertebrate grazers in aquatic 
systems regenerate phosphorus from organic material by excretion. 
Barsdate et al. (1974), however, suggested that, while grazing 
organisms do regenerate a certain amount of phosphorus, their main 
effect is to somehow induce a higher rate of phosphorus turnover by 
bacteria although the mechanism involved in this stimulation is not 
clear. 
Zooplankton excrete much of their waste directly among the 
phytoplankton, excreting much of their body phosphorus per day (Goldman 
and Horne 1983). As much as half the excreted phosphorus may be 
phosphate while the remainder may be organics (Corner and Davis 1971). 
Lehman (1980) investigated cycling of nutrients between phytoplankton 
and herbivorous zooplankton and found that zooplankton excreted large 
amounts of dissolved phosphorus which was rapidly taken up by the 
algae. Peters and Lean (1973) suggested that most of the reactive 
phosphorus excreted by zooplankton was probably orthophosphate, 
although Lehman (1980) found higher levels of organic phosphorus 
excreted by zooplankton in his studies than did Peters and Lean. 
An indication that phytoplankton may have been removing D0P from 
the water is seen with the periphyton results. The periphyton t 
community grown on wooden dowels, removed DOP from the water on a 24-
hour basis during the three months when water levels were high enough 
to permit growth of periphyton, suggesting that algae (or bacteria) can 
utilize at least a small portion of the D0P. Thus the algae were 
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probably removing DOP while invertebrates were regenerating it, with 
regeneration being greater than uptake. 
A net 24-hour uptake of DOP occurred when detritus was present in 
the water in all months except September when a net 24-hour release was 
noted. Detritus may have been a net sink for DOP as a result of 
colonization and uptake by peri phyton. Much peri phyton was observed 
utilizing the detritus as a substrate, and the periphyton probably 
controlled what was happening to the DOP rather than the detritus 
itself. An analysis for chl. i (corrected for phaeophytin) ind i cated 
that detritus, on a per dry weight basis, contained 50 percent as much 
chl. ~ as did periphyton. The chl. a in the detritus was from attached 
peri phyton. Thus, two grams of wet detritus contained as much chl. a 
as did one gram of periphyton scraped from wooden dowels. 
Sediments also had a major impact on DOP concentrations in the 
water in the enclosures by releasing more DOP into the water than they 
removed on a 24-hour basis. A net release of DOP from the sediments 
usually occurred night and day. Invertebrate activity in the sediments 
could have resulted in a net release of DOP from the sediments. 
Benthic fauna, which usually consists mostly of chironomids and 
oligochaetes (Berrie 1976, Gallepp et al. 1978, Graneli 1979), 
facilitates phosporus release from the sediments through excretion, 
bioturbation, and digest1on of particles which enhance decomposition. 
Gallepp (1979) used Johannes' (1964a) ·regression equation and estimated 
that chironomids could excrete enough phosphorus in microcosms to 
account for all the phosphorus released from the sediments. Gardner et 
al. (1981) suggested that invertebrate excretion could make up a major 
portion of the phosphorus released from aerobic sediments. 
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The open water system (including sediments) always released more 
DOP into the water than did the bulrush system except in May (soon 
after ice-out) when both systems removed DOP from the water. The 
results indicate that living bulrushes, or a compartment within the 
bulrush ecosystem, removed OOP from the water column at a faster rate 
than it was releasing DOP into the water with maximum removal occurring 
in June. The assignment of the changes in concentrations to living 
bulrushes was arbitrary and may have been incorrect. A major 
assumption of t he model was that sediments in open wat er removed/added 
OOP from/to the water column at rates similar to sediments in the 
bulrush areas. This may be a major fallacy since visual inspections 
i ndicated that sediments within the bulrush community contained a much 
highe r amount of organ i c material, i.e., detritus, than did open water 
sediments although this was not quantified by direct analyses. Thus, 
the more organi c sed i ments could have been responsible for the changes 
in DOP that were assigned to bulrushes. 
Another problem with the experiment was that the amount of 
peri phyton could not be quantified. Peri phyton on wooden dowels was 
responsible for removing some DOP from the water, and periphyton was 
attached to most of the detritus as well as the sediments and some 
living bulrush stems. The uptake of DOP assigned to living bulrushes 
then could have been due to the different nature of the sediments 
within the bulrush ecosystem and/or the unquantified periphyton within 
the bulrush ecosystem. 
It is important to note that, although measurable differences were 
observed in DOP concentrations, differences were very small when 
compared with changes in P04-P concentrations indicating that DOP may 
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not be a very important form of phosphorus in the Dingle Marsh system. 
Wetzel (1975) has stated that P04-P is the only important form of 
phosphorus for primary production in aquatic systems • 
..!.!! ~ experiment - P04-P dynamics 
A net uptake of orthophosphate from the water was attributed to 
the plankton night and day in all months of the study except at night 
in September . The daytime uptake rate of P04- P by plankton increased 
during the season to a maximum i n August when it peaked and then 
dropped somewhat in September. Maximum nighttime net uptake rates by 
plankton occurred i n May and June, and rates dropped thereafter until a 
net release at night was noted in September. The net release of P04-P 
by plankton at night in September was probably brought about by the 
cold temperatures which produced ice on the surface of the water at 
night. The cold temperature could have resulted in death and 
consequent autolysis of algal cells or it could have caused a reduction 
in algal uptake to the point where zooplankton excretion exceeded algal 
uptake. 
Night and day net uptake of P04-P by the plankton suggests that, 
at any given time in a 24-hour period, phytoplankton was taking up 
P04-P at a faster rate than the phytoplankton and zooplankton were 
releasing it. Some phosphorus could have been bound chemically or 
physically with nonbiological compounds or particles although Tarapchak 
et al. (1981) found that nonbiological uptake of labeled phosphorus in 
waters from Lake Michigan was negligible. 
The periphyton community removed orthophosphate (net) from the 
water column night and day in June and July, but only removed it at 
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night in August while releasing it during the daytime. The maximum 24-
hour net uptake of orthophosphate by the periphyton community occurred 
in June while minimum net 24-hour uptake occurred in August due to the 
daytime net release by the periphyton community. 
The pl anktonic and peri phytic communities removed orthophosphate 
from the water column even during darkness with especially high 
nighttime net uptake rates in spring and early summer although daytime 
net uptake rates were lower. Night and day uptake of phosphor us by 
algae suggested these dynamics were independent of light and 
photosynthesis. Daytime net uptake rates were less, probably due to a 
redu c tion in the amount of availab l e phosphorus by the time morning 
arrived. 
Reshkin and Knauer (1979) tested the ef fect of light on phosphate 
uptake by natural assemblages of phytoplankton and found that a 
significant amount of phosphate was taken up at night (29-33%). Perry 
(1976) exposed North Pacific phytoplankton populations to light 
intensities ranging from 0-90 percent of ambient surface intensities 
and found no significant variations from a medium uptake rate 
indicating uptake at low light intensities. Other investigators (Faust 
and Correll 1976, Friebele et al. 1978) have indicated that dark uptake 
of phosphate is primarily due to bacterial activity, although the 
authors believed that, due to the ecological importance of phosphate, 
phytoplankton should be able to assimilate phosphorus at relatively low 
light intensities and that phytoplankton can remove phosphate from the 
water in the dark. 
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The phytoplankton and periphyton may have been competing for 
available orthophosphate. Confer (1972) studied the effects of 
periphyton and phytoplankton on phosphorus in 200 liter aquaria and 
suggested that the two groups of algae were competing for phosphorus 
with attached periphyton rapidly removing a large percentage of the 
phosphorus from the phytoplankton. Armstrong and Gordon (1977) 
suggested that periphyton growing on macrophytes may dominate nutrient 
exchange rates. Confer (1972) described the major mechanism for 
phosphorus removal by periphyton as trapping of particles by the 
community associated with the sides of the aquaria (filamentous algae). 
While this may be true for particulate phosphorus trapment by 
periphyton, it would not be true for dissolved phosphorus. In the 
Dingle Marsh system, phytoplankton appears to remove more P04-P from 
the water at a faster rate than periphyton, probably because of the 
dispersion or phytoplankton throughout the water column. 
Detritus removed P04-P (on a net 24-hour basis) in all months 
except May, when a nighttime net release occurred. Other than in the 
month of May, the detritus removed P04-P from the water at night with 
maximum removal occurring in August. A maximum daylight net release of 
P04-P into the water from the detritus community occurred in August. 
Maximum net uptake and release of P04-P by the detritus community 
corresponded to maximum net uptake and release by the periphyton 
community. Periphyton could not be separated from the detritus 
although periphyton was attached to it. The detritus then probably 
served as an important substrate for periphyton. 
An important mechanism for returning phosphorus stored in stems 
and leaves of aquatic emergent macrophytes to the water may be 
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decomposition and leaching of litter. Landers (1982) reported that 
senescing macrophytes accounted for as much as 18 percent of the annual 
TP loading into a large softwater reservoir in Indiana. Some 
investigators (e.g., Odum and Heywood 1978, Whigham and Simpson 1976) 
have suggested that, because rates of decomposition are generally high 
in freshwater wetlands, the litter probably serves only as a temporary 
storage site for nutrients. Kadlec and Kadlec (1979) suggested that 
decomposition of litter in wetland ecosystems releases stored nutrients 
into marsh waters in a relatively short period of time. 
Detritus may also serve as a substrate for periphyton which 
removes P04-P from the water column, thus acting as a net sink for 
phosphorus. Simpson et al. (1983), for example, noted that Delaware 
River wetlands were net sinks for phosphorus following death of 
vegetation in late October. The detritus could act as a net source for 
phopshorus through leaching and decay (Cole et al. 1978, Armstrong et 
al. 1979, Ulehlova and Pribil 1978, van der Valk et al. 1979, de la 
Cruz 1979, Odum and Heywood 1978, Simpson et al. 1978, Godshalk and 
Wetzel 1978) if periphyton was absent. Attached algae, utilizing 
detritus as a substrate, could take up phosphorus as fast as it is 
released from the detritus. Some investigators (Carpenter and Adams 
1978, Carpenter 1980) believe that as much as 75 percent of the 
phosphorus leaching from detritus is in the form of phosphate and is 
available for bacterial and algal uptake. Dissolved nutrients leaching 
from detritus have stimulated algal growth (Landers 1982) and growth of 
sestonic bacteria as evidenced by oxygen depletion (Carpenter et al. 
1979). 
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A net flux of orthophosphates into the sediments was observed 
during daylight in all months, and a net release occurred at night in 
all months except August when a net uptake was noted. Maximum 
nighttime release of P04-P from the sediments was observed in May and 
July corresponding to maximum daytime P04-P flux into the sediments. 
On a 24-hour b·asis, the maximum flux of P04-P into the sediments 
occurred in May, July, and August while a 24-hour net release from 
sediments was observed in June and September. 
Sediments can act as either a net source or sink for phosphorus 
depending on physical, chemical, and biological conditions 
(Vollenweider 1968, Syers et al. 1973, Stauffer and Peterson 1981). 
Some investigators (Mortimer 1941, Hutchinson 1967, Wil liams and Mayer 
1972, Carpenter 1981, Drury et al. 1975, Armstrong and Gordon 1977) 
have described sediments as a net source for phosphorus in overlying 
waters while others (Kramer et al. 1972, Golterman 1967, Shapiro 1970, 
McRoy et al. 1972, Luce 1974) have suggested that sediments are net 
sinks for phosphorus. Barica (1973) found that sediments can act as a 
sink for phosphorus during the day and release phosphorus at night in 
littoral zones of some lakes if anaerobic conditions arise at night. 
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The Dingle Marsh P04-P results are consistent with Barica's findings. 
Live bulrushes were present in Dingle Marsh from June through 
August. They were not present in May when the enclosure study was 
initiated because they had not yet emerged from the sediments. By 
September, cold weather had already killed them and they were mostly 
standing dead litter. Some changes in P04-P concentration occurred in 
May and September that would have been assigned to living bulrushes in 
the model had living bulrushes been present. Since living bulrushes 
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were not present during these two months, the changes were assigned to 
an unknown component. The marsh component most 1 i kely to have caused 
these results may have been differences in sediment type between open 
water sediments and sediments within the bulrush stands. This point 
will be more thoroughly explored later in the discussion. 
According to results of the model, living bulrushes removed P04-P 
from the water column in June and released it into the water on a net 
basis in July and August. These resuits could indicate that bulrushes 
could take phosphorus directly from the water when first emerging from 
the sediments and growing toward the water's surface, while leaching it 
into the water during summer when they are well established. These are 
tenuous conclusions because periphyton growing on the stems of living 
bulrushes could not be separated from the bulrushes and was therefore 
unaccounted for. Also, variance within the model tended to become huge 
when estimating the effects of bulrushes on phosphorus concentrations. 
Other researchers have found that aquatic macrophytes probably get 
their nutrients from the sediments (Gerloff and Krombholz 1966, 
Sculthorpe 1967, Bristow and Whitcombe 1971, Carpenter 1981). A few 
investigators (e.g., Sutcliffe 1959, Waisel and Shapira 1971) have 
suggested that the primary site of nutrient uptake in aquatic 
macrophtyes is the leaves while others (den Hartog and Segal 1964, 
Denny 1972, McRoy and Barsdate 1970) have described nutrient uptake 
through roots and s~oots with the ratio depending on species and 
aquatic conditions. Several investigators have described leakage of 
nutrients from plant shoots into the surrounding water (McRoy and 
Barsdate 1970, Schults and Malueg 1971, McRoy et al. 1972, Reimold 
1972, Lee et al. 1975, Armstrong and Gordon 1977, Carpenter 1981 ). 
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When the effect of the total wetland bulrush ecosystem on the net 
change in P04-P in the water was examined (treatment 6), a net removal 
of P04-P from the water column occurred day and night in all months 
except for nighttime in September. Plankton, detritus, and sediments 
were the most important components removing P04-P from the water column 
in treatment ·6 with plankton usually dominating the changes, while 
living bulrushes (or an unknown component within the bulrushes) and 
sediments dominated release of P04-P into the water. 
When rates of net change in open water systems were compared with 
bulrush systems, the rate of P04-P net removal was higher in the open 
water systems in all months except June. Maximum rate of P04-P removal 
from the open water system occurred in August while minimum rates 
occurred in September . The maximum rates of removal also occurred when 
P04-P concentrations in the water were lowest. 
Results from the .i!l situ enclosure experiments indicated that the 
plankton was generally a major daily net sink for orthophosphates and a 
daily net source for the remaining dissolved organic phosphorus 
fraction in the water column. During the day, the plankton removed 
P04-P and DOP from the water column, although only small amounts of DOP 
were removed. At night, DOP was released into the water column by the 
plankton at a greater rate than it was removed during the day resulting 
in a net 24-hour release. P04-P was taken up night and day by plankton 
except in the fall when a net release occurred at night probably due to 
freezing nighttime conditions which could have caused death and 
autolysis of algal cells. 
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A component within the bulrush ecosystem was a net source for 
P04-P. Although attributed to living bulrushes in the model, a source 
was still measured even when living bulrushes were not present. While 
some types of aquatic macrophytes leak P04-P into the water, the amount 
is questionable. Carignan and Kalff (1982) reported that Myriophyllum 
spicatum served principally as a support structure for its epiphy~on 
community and contributed very little phosphorus through leakage to the 
epiphyton. They estimated that the attached epiphyton derived only 
3.4-9.0 percent of their phosphorus from supporting macrophtyes. Thus, 
living bulrushes may act primarily as a substrate for periphyton rather 
than as a phosphorus source. 
Living bulrushes could also have been removing P04-P from the 
water as has been suggested by some investigators, although the Dingle 
Marsh data do not support that hypothesis. Reddy (1983) tested the 
effects of various types of vegetation on TP and P04-P concentrations 
in tubs of agricultural runoff water with calcareous sediments obtained 
from a reservoir. Their control, which contained only sediments and 
naturally occurring algae in the water column, was the most effective 
phosphorus removal system followed, in order, by a similar system with 
cattails (Typha latifolia) and elodea (Egeria densa) added, a system 
with water hyacinths (Eickhornia crassipes) added, and a system with 
pennyworts (Hydrocotyl e umbel l ata) added. There was no si gni fi cant 
difference in phosphorus removal among the vascular plant systems, and 
about 25-29 days were required to reduce P04-P concentration by 50 
percent. Only six days were required to remove 50 percent of the P04-P 
in the control (water and phytoplankton with sediments). Reddy 
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attributed the more rapid removal of TP and P04-P in the control to 
uptake by algae. 
The Dingle Marsh study indicates that P04-P uptake was more rapid 
in the open water system. This could have been due to greater 
concentrations of phytoplankton in the open water than within the 
bulrushes although the data did not indicate this. Another explanation 
could be the differences in sediment types between open water sediments 
and sediments within the bulrush community which were more organic in 
nature due to deposits of bulrush detritus. Nagarajah et al. (1970) 
reported that organic sediments do not act as a sink for phosphorus 
because of their poor adsorptive capacity. They stated that in the 
systems they were studying, the low adsorption and high equilibrium 
concentrations were probably due to the effect of organic anions and 
lack of iron and aluminum in the sediments. 
Carpenter (1983) has suggested that decaying detritus should lower 
the redox potential at the surface-water interface through oxygen 
uptake and thereby enhance phosphorus diffusion from the sediments. 
Wium-Andersen and Andersen (1972), however, correlated the presence of 
macrophytes with oxidized upper sediment layers, and others (Sand-
Jensen and Prahl 1982, Sand-Jensen et al. 1982) have suggested that the 
oxidized conditions are caused, at least in part, by release of oxygen 
from macrophyte roots. Carpenter (1983) believes that this oxidized 
zone could act as a barrier to phosphate diffusion out of the 
sediments. Carpenter also reviewed the literature (e.g., Prentki 
1979), and found that phosphorus profiles of littoral zone sediments 
depended on interactions between oxidizing conditions caused by oxygen 
leakage from macrophyte roots and reducing conditions caused by oxygen 
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uptake during detrital decay. Carpenter suggested that the balance 
would favor dissolved phosphorus being released from sediments in 
eutrophic systems and being trapped in sediments of oligotrophic 
systems. Marshes are probably more similar to eutrophic systems. 
Adams and Prentki (1982) also consider the possibility of littoral 
zones acting as traps for particulate material and sources for 
dissolved substances. 
Reddy and Graetz (1981) tested the ability of reservoir soil 
(calcareous mar ·ly clay loam) and organic soils (histosols) to remove 
phosphorus under aerobic and anaerobic conditions. They incubated 
soils in the dark at 28 °c and found that reservoir soils removed about 
70 and 76 percent of the phosphorus from the overlying water under 
aerobic and anaerobic conditions, respectively; an insignificant 
difference. Organic soils initially removed about 51 percent of the 
phosphorus from aerobic waters, but the phosphorus levels in the water 
again increased. After a prolonged period, the organic soils removed 
about 64 percent of the floodwater phosphorus under anaerobic 
conditions. They suggested that organic soils functioned as a source 
for phosphorus since soluble phosphorus levels increased in overlying 
aerobic waters; however, they suggesetd that soluble phosphorus removal 
from anaerobic waters was probably due to precipitation with calcium 
compounds due to high pH and physical sorption by underlying soil. 
Results from the Dingle Marsh enclosure experiment are consistent 
with Reddy's and Graetz's results in that a source for P04-P was 
measured within the bulrush ecosystem. The source was probably the 
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organic soils which were enriched from bulrush detritus although the 
living bulrushes cannot be eliminated as a major source for P04-P. 
Thus, on a community basis, the open water community tended to 
remove more dissolved phosphorus from the water column in quiescent 
waters due to rapid uptake by the plankton and due to the absence of 
the organically enriched sediments. Periphyton on detritus also 
removed substantial amounts of P04-P. Although unquantified, 
periphyton communities growing on living bulrush stems could also have 
been important sites of P04-P uptake. 
The..:!...!! situ experiments, which were initiated at dusk, indicated 
P04-P uptake by plankton night and day and DOP rel ease by plankton at 
night and uptake during daylight. Results in magnitude and direction 
of dissolved phosphorus flux may have been quite different if the 
experiment had been initiated at dawn rather than at dusk. For 
example, if the experiments had been initiated at dawn, it is 
conceivable that daytime plankton uptake of P04-P might have been 
greater in magnitude since the daylight dynamics would have begun with 
higher initial P04-P concentrations. It is also conceivable that 
daylight uptake of P04-P by plankton would have been so rapid that 
little P04-P would have remained in the water column at dusk resulting 
in little P04-P uptake by the plankton at night. It is therefore 
probable that day versus nighttime dynamics would vary considerably 
depending on whether the experiments begin at dawn or dusk. The 24-
hour rates of uptake/release might be expected to remain the same 
regardless of when the experiments were initiated suggesting 24-hour 
rates of uptake/release as better indicators of phosphorus dynamics 
than nighttime and daylight rates. 
108 
Dingle Marsh was a strong net sink for P04-P in May and July of 
1983, and a weak net sink in September. Treatment 6 of the in situ 
enclosure study yielded results consistent with the mass balance 
results. The primary site of P04-P uptake was the plankton, and live 
bulrushes and/or an unaccounted for component was the site of maximum 
release in May and July (Fig. 20). The direction of P04-P flux to and 
from these two components did not change throughout the season although 
the mag n i tu des did. Dur i n g September, when the marsh was a ~v ea k net 
sink for P04-P, the magnitudes of P04-P flux to and from all 
compartments were small compared to magnitudes earlier in the season. 
DOP dynamics in treatment 6, however, did not correspond well with 
mass balance dynamics. Mass balance results indicated the marsh was a 
weak net source for DOP in May, balanced in July, and a ~'leak net sink 
in September. Flux estimates in treatment 6 indicated that the bulrush 
ecosystem was removing DOP from the water column in all three months 
(Fig. 21). The directions of DOP movement were consistent in all three 
months, however, varying only in magnitudes. All components removed 
DOP from the water column except plankton. 
Lack of agreement between treatment 6 and the mass balance results 
could have been due to error propagated by or inherent in the model. 
DOP concentrations changed only slightly in treatment 6, and small 
changes could have led to erroneous results due to large variances in 
equation (5). The observed disagreement between results could also 
have resulted if a marsh component important to DOP dynamics had been 
overlooked. The submergent vegetation in Mud Lake may have contributed 
to DOP dynamics although this was not investigated. 
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Managing Dingle Marsh to increase its efficiency at removing 
phosphorus from flow-through waters could involve several strategies. 
Most TP was removed from the water column by sdimentation of TSS and 
PP. This process could be enhanced by reducing flow rates within the 
marsh even further to allow smaller particles to sediment from the 
water column, or by retaining water within the marsh for longer periods 
of time. 
Increasing P04-P uptake by the marsh might be accomplished by 
increasing the amount of open water to allow greater production of 
plankton which tended to be the site of maximum P04-P uptake. This 
concept needs further investigation because the results obtained in 
this study were for short-term (24-hour) dynamics. Once taken up by 
plankton, phosphorus could be released back into the water column 
through several pathways or could be incorporated into the bottom 
sediments by sedimentation of plankton. 
Increasing the amount of open water might also reduce the amount 
of the component within the bulrush ecosystem that was a source for 
1 arge amounts of P04-P. Whether the component was 1 i ve bulrushes or 
organically enriched sediments or both is uncertain; however, reducing 
the amount of bulrush system would probably reduce the amount of 
unknown component as well. 
DOP remained relatively unchanged within the marsh and may be 
unimportant as a phosphorus source for primary production when compared 
with P04-P. Managing the marsh for DOP removal is probably neither 
necessary nor desirable. 
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CONCLUSIONS 
Objective l of this study was to determine the total suspended 
solids and phosphorus mass-balances for Dingle Marsh. The marsh was a 
significant (p :. .05) annual sink for TSS, TP and P04-P in a wet year, 
but was not in a dry year. It was a significant net sink for PP (and 
therefore TP since PP made up a large fraction of the TP) in a wet year 
as a result of TSS sedimentation; however, dissolved phosphorus 
dynamics were more complicated . The marsh was not a significant net 
source or sink for DOP. 
The marsh was a net source for TP and PP in August and November 
every year and i n July at least two of three years. The marsh tended 
to be a net s i nk for these constituents in spring and early summer 
although some variability was seen in early spring at ice-out time. 
The marsh was a net source for PP (and therefore TP) usually when two 
events were occurring simultaneously: Relatively phosphorus-free Bear 
Lake water was being flushed through the marsh and flow into the marsh 
from the Bear River was minimal. 
TP, PP, and TSS seasonal mass-balance dynamics were very similar 
with a major difference between the phosphorus fraction and TSS 
occurring only once (August 1983). TSS dynamics were therefore the 
controlling factors in PP and TP mass-balance dynamics. 
Objective 2 was to determine diel mass-balance dynamics for 
phosphorus. PP usually entered and left Dingle Marsh throughout 24-
hour periods with little variability in amounts entering or leaving. 
Thus, PP mass-balance dynamics were not affected by time of day (light 
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conditions). PP, therefore, did not seem to be influenced by 
biological processes. PP dynamics within Dingle Marsh were primarily 
due to physical processes; i.e., sedimentation of PP containing 
suspended sol ids. 
The effect of time of day on DOP mass-balance dynamics were 
questionable. Only once (May 1982) was a nighttime release of DOP from 
the marsh suspected. The in situ experiment indicated a small 
nighttime release of DOP. 
On at least two occasions (June and August, 1983) a large release 
of PO4-P was released from the marsh at night. Hydrogen sulfide was 
also released from the marsh on these occasions indicating anaerobic 
releases from the sediments. Routine daytime sampling of systems for 
mass-balance studies may yield inaccurate results when loadings are 
being calculated. 
Objective 3 was to determine daily and diel net uptake/release 
rates of phosphorus from/to the water column due to settling of 
particulate material, and due to the seasonal influence of several 
marsh components: sediments and their associated organisms, plankton, 
bulrushes, periphyton and its associated organisms, and to detritus and 
its associated organisms. As was learned from the mass-balance 
studies, PP was removed from the water column through sedimentation of 
PP bearing suspended solids. PP concentrations increased in the water 
column when ambient concentrations were low and organisms bound in a 
sediment matrix were released from the bottom sediments. 
DOP was released into the water column in small amounts at night 
by the plankton community, but taken up during the day. The periphyton 
community removed DOP on a 24-hour basis. DOP was usually removed from 
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the water on a 24-hour basis by the detritus and its community. A net 
release of DOP from the sediments was measured on a 24-hour basis. The 
open water marsh site released more DOP into the water column than did 
the bulrush bearing marsh site. 
The plankton community removed P04-P night and day and generally 
had the greatest impact on P04-P concentrations in the water. The 
periphyton community removed P04-P from the water column on a 24-hour 
basis as did detritus; detritus supported a periphyton community which 
was probably responsible for the net P04-P uptake. The open-water 
sediments were a site for net P04-P uptake during the day, but tended 
to show a net release at night probably due to anaerobic conditions. 
The bulrush community site removed less P04-P from the water than did 
the open- water site which was attributed to the organically enriched 
sediments within the bulrush community. 
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APPENDIX 
TABLE 1. Physical and chemical characteristics of 
Dingle Marsh surface waters as well as phosphorus 
concentrati.ons. within the marsh. 
TA 
Water Turbidity o.o. CaCD3 
Date temp. 0 c pH NTU -- ----(mg/1 )------
Rainbow Canal 
4-24-81 13.0 8.3 21.0 216 
5-8-81 10.0 8.3 54.0 7.5 224 
5-26-81 14 . 5 8.5 26.0 8 . 4 228 
6-9-81 18.0 8.6 47.0 9.2 261 
6-23-81 19.0 8.5 36.0 8.6 283 
7-7 - 81 21.0 8.7 42.0 6.4 269 
7-21 -81 20.0 8.6 31.0 6.9 293 
9-4-81 20.0 8.6 28.0 7.0 220 
8-18-81 19.0 8.4 27.0 7.5 231 
9-1-81 15.5 8.3 24 . 0 7.2 236 
10-6-81 9.3 8.5 18.0 9.0 208 
11-3-81 4.0 8.5 8.6 10.4 205 
12-1-81 
-0.5 8.4 7.3 12.1 233 
1-19-82 o.o 8 . 3 4.0 9.9 228 
2-9-82 
-0.5 8.0 4.3 9.2 251 
2-18-82 0 . 0 7.9 4.7 9.8 221 
3-2-!l2 0 .5 8.5 67.0 9.4 180 
4-6-82 4.0 8.5 54.0 9.7 248 
4-20-82 4.0 8.3 130.0 10.0 249 
5-4-82 9.0 8 .. 5 215 .0 8.6 200 
5-18-82 11.5 8.5 32.0 7. 7 311 
6-08-82 10.0 8.3 39.0 8.7 238 
6-22-82 17.0 8.5 44.0 7.6 205 
Lifton Station 
4-24-81 13.5 8.3 4.7 212 
5-8-81 8.3 7 .6 7.8 216 
5-26-81 14.5 8.4 19.6 7.6 237 
6-9-81 17. 0 8.5 16.0 4.2 253 
6-23-81 16.0 8. 7 3.0 7. 5 270 
7-7 .-81 21.0 8.9 9.8 8.0 266 
7-21-81 21. 0 8.7 5.5 7.4 278 
9-4-81 21. 0 8.8 5.8 7.0 281 
8-18-!ll 23.0 8.7 5.2 7.2 265 
9-1-81 18.5 8.7 5.6 6.9 260 
10-6-81 11.0 8.7 4.8 8.4 264 
11- 3-81 5.0 8.6 7.0 9.9 231 
12-1-81 0.0 8.3 3.7 254 
1-19-82 0.0 8.2 3.3 7.5 242 
2-9-82 -1.0 8.0 3.8 6.9 263 
2-18-82 1.0 7. 7 3.2 7.6 237 
3-2-82 1.0 8.5 28.0 8.8 218 
4-6-82 3. 0 8.4 28.0 8.0 240 
4-20-82 3.2 8.3 23.0 9.6 202 
5-4-82 11. 0 8.4 26.0 6.7 206 
5-18-82 12.5 8.2 24.0 6.3 203 
6-08-82 11.0 8.2 17. 5 7.2 214 
6-22-82 18.5 8.3 15. 5 6.0 209 
TABLE 1. Continued. 
TA Water Turbidity 0.0. CaC03 Date temp. OC pH NTU 
------(mg/1 )------
Lifton Causeway 
4-24-81 
5-8-81 
5-26:..81 
6-9-81 
6-23-81 
7-7-81 
7-21-81 
9-4-81 
8-18-8 1 
9-1-81 
10-6-81 
11-3-81 
12-1-81 
1-19-82 
2-9-82 
2-18-82 
3-2-82 
4-6-82 
4-20-82 
5-4-82 
5-18--82 8.2 18.0 208 6-08-82 8.3 36.0 227 6-22-82 
Outlet Canal 
4-24-81 16.0 8.1 9.7 273 5-8-81 10.0 8.4 4.4 7.9 253 5-26-81 0.0 8.2 24.0 7.6 288 6-9-81 17.0 8.6 14.0 7.6 313 6-23-81 20.0 8.5 34.0 7.8 277 7-7-81 21.0 8.8 34.0 5.0 286 7-21-81 22.0 8.6 27.0 6.2 291 9-4-81 22.0 8.7 28.0 6.4 280 8-18-81 21.0 8.6 24.0 7 .3 274 9-1-81 19.0 8.6 20.0 7 . 0 266 10-6-81 11.0 8.6 4 . 8 9.6 277 11-3-81 7.0 8.4 4. 7 10.2 270 12-1-81 1.0 8.5 3. 1 10.1 284 1-19-82 0.0 8.1 4 . 0 7 .0 316 2-9-82 
-1.0 7.8 3.6 6. 7 332 2-18-82 0.3 7. 7 9. 7 7 . 0 284 3-2-82 0.0 8 .5 7.4 7 .1 292 4-6-82 5.0 8.4 12.0 7 .1 295 4-20-82 3.8 8.0 13.0 9.9 175 5-4-82 R.O 8.5 22.0 8.7 176 5-18-82 13. 5 8.3 9.0 201 6-08-82 10.0 8.1 16.0 7.8 230 6-22-82 20.5 8.3 26.0 6.0 264 
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TABLE l. Conttnued. 
TA 
Water Turbidity D.D. CaC03 
Date temp. Oc pH NTU ------(mg/1 )------
Ream-Crocket:t Canal 
4-24-81 
5-8-81 
5-26-81 
6-9-81 
6-23-81 
i-7-81 21. 0 8.7 19 .0 6.4 261 
7-21-81 20.0 8.5 18.0 6. 5 304 
9-4-81 20.0 8.7 13.0 8.1 223 
8-18-81 18.0 8.4 11.0 9.5 238 
9-1-81 16. 0 8.5 15. 0 8.5 226 
10-6-81 8.5 8.5 15.0 10.8 198 
11-3-81 6.0 8.5 16.0 10. 2 204 
12-1-81 -1.0 8.5 14.0 11.0 246 
1-19-82 0.0 8.2 7.2 9.0 221 
2-9-82 -1.0 8.0 7.6 7.9 251 
2-18-82 0.0 7.9 7.1 9.5 214 
3-2-82 0.5 8.5 71. 0 9.2 171 
4-6-82 4.0 8.6 28.0 11.6 240 
4-20-82 3.0 8.5 85.0 12.3 231 
5-4-82 8.0 8.6 105.0 10.1 193 
5-18-82 10.5 8.2 390.0 7.8 260 
6-08-82 9.0 8.3 21. 0 9.0 225 
6-22-82 17.0 8.5 35.0 8.0 222 
St. Charles Creek 
4-24-81 17.0 8.4 2.8 208 
5-8-81 11.0 8.5 4.3 8.2 238 
5-26-81 16.0 8.4 2. 7 7. 7 258 
6-9-81 17.0 8.6 2.7 7.4 220 
6-23-81 
7-7-81 
7-21-81 
9-4-81 
8-18-81 
9-1-81 
10-6-81 
11-3-81 
12-1-81 
1-19-82 
2-9-82 -1.0 8.3 1. 2 9.8 225 
2-18-82 5.0 8.4 1. 4 9.9 199 
3-2-82 4.0 8. 7 1. 9 10.6 199 
4-6-82 3.0 8.5 1. 6 9.8 211 
4-20-82 4.0 8.4 2.2 11.0 213 
5-4-82 6.0 8.5 9.3 9.9 174 
5-18-82 6.0 8.3 4.8 9.6 170 
6-08-82 5.5 8.3 2.2 10. 3 386 
6-22-82 11.0 8.5 2.9 9.8 159 
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TABLE 1. Continued. 
TA 
Water Turbidity 0.0. CaC03 
Date temp. oc pH NTU ------(mg/1 )------
Spring Creek 
4-24-81 
5-8-81 
5-26-81 
6-9-81 
6-23-81 
7-7-81 
7-21-81 
9-4-81 
8-18-81 
9-1-81 
10-6-81 
11-3-81 
12-1-81 
1-19-82 10 . 0 8.4 32.0 7.5 173 
2-9-82 10.0 8.4 9.6 7.9 183 
2-18-82 13.0 8.2 4.6 8.2 169 
3-2-82 12 . 0 8.6 6.4 9.6 182 
4-6-82 13.0 8.5 3.8 8.1 177 
4-20-82 11.0 8.3 23.0 9.4 166 
5-4-82 12.5 8.6 4.4 9 .5 171 
5-18-82 13.0 8.3 4. 3 8.2 170 
6-08-82 9.0 8.3 21.0 9.4 161 
6-22-82 17. 0 8.6 8.7 9.9 183 
Bloomington Creek 
4-24-81 16.0 8.3 29.0 214 
5-8-81 10 . 5 8.5 14.0 8.4 191 
5-26-81 10.5 8.6 10.0 9.1 137 
6-9-81 21.0 8 . 5 13.0 7.3 212 
6-23-81 
7-7-81 
7-21-81 
9-4-81 
8-18-81 
9-1-81 
10-6-81 
11-3-81 
12-1-81 
1-19-82 1.0 8.3 1. 3 9.7 213 
2-9-82 
-1.0 8. 4 2.4 9.8 187 
2-18-82 1,. 5 8.4 1. 9 9.5 172 
3-2-82 5.3 8.6 4.6 9.9 180 
4-6-82 5.0 8.3 4.4 8.7 204 
4-20-82 4.4 8.2 7.3 10. 3 190 
5-4-82 4.5 8 .5 9.2 10.0 133 
5-18-82 5.0 8. 4 8.3 9.8 129 
6-08-82 5.0 8.2 3.9 10. 3 125 
6-22-82 9.0 8 .4 3.7 9 . 9 119 
TABLE 1. Conti.nued. 
TA 
Water Turb. Cond. TSS 0.0. CaC03 TP P04 Date temp. OC pH NTU µmhoa 
--------(mg/1 )-------- --- (µ g/1 )--
Site 7 
4-24-81 13.1 8.3 43.0 78.7 249 203 26 
5-8-81 
5-26-81 8. 7 14.0 27.8 241 54 3 
6-9-81 13. 5 8.3 14.0 49.0 9.4 251 123 0 
6-23-81 18.5 8.6 23.0 782 20.8 9.5 285 85 6 
7-7-81 22.0 8.7 32.0 1536 48.0 5.8 340 110 10 
7-21-81 21. 5 8.5 30.0 668 50.8 6.3 311 76 2 
8-4-81 22.0 8.7 26.0 608 36.4 7.3 231 80 1 
8-18-81 19.8 8 .5 28.0 727 47.2 7. 8 249 82 1 
9-1-81 15.0 8.3 28.0 776 34.0 8.1 273 138 4 
10-6-81 11. 5 8 . 4 5.8 790 96.0 10.8 275 4 2 
11-3-81 6.0 8.5 13.0 927 216.0 11. 7 205 24 1 
12-3-81 
1-19- 82 
2-·9-82 0.0 8.1 6.3 579 5.8 5.5 258 25 5 
2-18-82 
3-2-82 8.6 52.0 64.8 184 46 16 
4-6-82 5.5 8.5 50.0 676 121. 5 246 140 8 
4-20-82 6.5 8.2 90.0 658 170.0 11.0 235 142 16 
5-4-82 10.6 8.5 205.0 511 452 . 0 9.5 205 212 31 
5-18-82 12.7 8.2 64.0 560 130.0 9.1 205 70 16 
6-08-82 11.8 8.2 38.0 569 95.5 9.1 222 152 15 
6-22-82 18.3 8.7 42.0 449 94. 5 8.3 207 142 8 
Site 6 
4-24-81 12. 4 8.3 34.0 60.0 247 176 7 
5-8-81 
5-26-81 8.6 18.0 34.4 252 69 2 
6-9-81 13. 5 8.5 32.0 56.2 9.1 260 124 0 
6-23-81 15. 5 8.6 26 .0 835 37.2 8.5 287 96 5 
7-7-81 24.0 8.7 34.0 2053 59.6 6.0 372 130 14 
7-Zl-81 21.0 8.5 39.0 774 41. 6 5.7 298 126 2 
8-4-81 21.0 8.7 33.0 654 60.8 7 .1 246 122 1 
8-18-81 
9-1-81 
10-6-81 14.0 8.5 14.0 825 176.0 10.6 268 52 l 
11-3-81 6.1 8.5 9.4 931 144.0 11.8 217 21 l 
12-3-81 0.8 8.3 4.8 633 90.0 11.1 265 15 l 
1-19-82 
2-9-82 o.o 8.0 9.2 576 6.0 5.1 258 8 
2-18-82 
3-2-82 8.6 37.0 47.6 189 41 25 
4-6-82 5.0 8.5 52.0 686 84.2 260 152 8 
4-20-82 6.9 8.2 110.0 664 216.0 11.4 234 240 17 
5-4-82 10.5 8.5 215.0 608 448.0 9.4 204 30 
5-18-82 8.2 64.0 128 . 5 202 214 14 
6-08-82 11.8 8.2 37.0 571 91.0 8.9 223 132 15 
6-22-82 18.2 8.7 135.0 443 330.0 8.2 221 336 8 
a Corrected for temperature. 
TABLE l. Continued. 
TA 
Water Turb. Cond. TSS 0.0. CaC03 TP P04 
Date temp. 0 c pH NTU µmhoa 
--------(mg/1 )-------- ---(µg/1 )--
Site 5 
4-24-81 12.5 
5-8-81 8.9 8.5 33.0 1154 38.6 301 130 11 
5-26-81 8.6 25.0 41.0 269 107 7 
6-9-81 14.0 8.5 42.0 73.0 10.3 264 178 0 
6-23-81 16.5 8.6 22.0 829 26.8 11. 0 281 101 4 
7-7-81 22.0 8.7 35.0 842 45.3 5.3 275 152 9 
7-21-81 24.0 8.5 43.0 776 68.4 7.4 30Q 104 3 
8-4-81 26.5 8. 7 42.4 803 62.4 5.1 307 118 1 
8-18-81 27.0 8.6 37.0 909 54.0 13.8 315 72 6 
9-1-81 15.0 8.6 41.0 931 41. 6 7.5 332 250 10 
10-6-81 14.9 8.6 42.0 933 656.0 10.4 302 164 3 
11-3-81 7 .6 8.6 17.0 781 272.0 ll..6 217 46 1 
12-3-81 0.2 8.3 s.o 565 40.0 9.2 254 17 1 
1-19-82 
2-9-82 o.o 8.0 6.5 567 1.2 5.3 265 21 3 
2-18-82 
3-2-82 0.5 8.5 43.0 433 57.2 11.6 176 43 23 
4-6-82 
4-20-82 6.9 8.2 78.0 658 147.0 13. 2 241 186 10 
5-4-82 10.9 8.5 150.0 602 262.0 9.3 194 120 26 
5-18-82 8.2 56.0 111.5 207 168 12 
6-08-82 11.8 8.1 36.5 572 76 .0 8.8 226 145 13 
6-22-82 18. 8 8.7 39.0 440 69.5 7.6 201 100 9 
Site 4 
4-24-81 12.5 
5-8-81 9.8 8.5 48.0 1098 64.8 292 193 9 
5-26 -81 8.6 40.0 70.2 281 178 4 
6-9-81 12. 9 8.5 47.0 71. 4 8.6 272 205 s 
6-23-81 17.0 8.6 20.0 832 23. 8 10.8 285 95 6 
' 7-7-81 22.0 8.7 33.0 853 50.8 4.0 268 100 12 
7-21-81 24.7 8.3 27. 0 795 39.6 5. 7 313 86 7 
8-4-81 24.0 8.7 24.0 756 35.2 6.4 286 92 5 
8-18-81 26.8 8.5 27.0 913 32.9 9.0 321 100 7 
9-1-81 18.5 8.5 47 .0 978 55.2 7. 2 337 218 14 
10-6-81 12.5 8. 7 29.0 786 412.0 8.4 297 104 5 
11-3-:81 7 .6 8.6 14.0 962 220.0 11.1 221 36 1 
12-3-81 0.8 8.3 4.6 650 8.0 9.4 256 20 1 
1-19-82 
2-9-82 o.o 8.0 2.9 593 o.o 5.9 265 26 6 
2-18-82 
3-2-82 0.5 8.5 39.0 432 54.0 10.4 180 39 22 
4-6-82 
4-20-82 6.2 8.1 46.0 654 75.0 10. 4 218 92 7 
5-4-82 10. 7 8.5 95.0 636 144.0 9.5 199 18 
5-18-82 13.3 8.2 54.0 561 100.0 8.4 209 134 9 
6-08-82 11. 4 8.1 39.0 576 70.5 8 .2 222 108 10 
6-22-82 18.7 8. 7 35.5 529 55.5 5.5 201 132 9 
a Corrected for temperature. 
TABLE 1. Conttnued. 
TA 
Water Turb. Cond. TSS D.O. CaC03 TP P04 Date temp. OC pH NTU llmhoa --------(mg/1)-------- --(1Jg/l )--
Mud Lake 
4-24-81 1.3. 8 8.4 14.0 18.8 216 56 8 
5-8-81 10.6 8.4 49.0 1343 66.0 250 143 7 
5-26-81 8.6 28.0 38.0 246 94 6 
6-9-81 14.7 8.5 45.0 68.6 9.6 275 152 0 
6-23-81 16.S 8.7 24.0 841 25.6 10. 8 274 78 4 
7-7-81 21. 5 8.9 52 . 0 755 74.4 6.3 250 138 1 
7-21-81 22.5 8.5 33.0 717 44.0 6.7 286 104 5 
8-4-81 21. 5 8.7 18.0 841 23.2 6.8 296 68 3 
8-18-81 20.S 8.9 31.0 909 33.6 10.6 296 54 1 
9-1-81 14.5 8. 7 34.0 979 42.8 8.3 325 132 7 
10-6-81 12 . 0 8 . 8 18.5 768 220.0 10 .4 271 48 1 
11- 3-81 6.8 8.7 9.6 1111 116.0 12 .9 268 28 1 
12-J-81 1.0 8 . 5 3. 7 547 56.0 13. 4 277 20 1 
1-19-82 
2-9-82 0.0 8.0 3.0 614 1.0 4.5 298 33 4 
2-18-82 
3-2-82 1.8 8.6 5.5 446 10.8 9.9 232 15 5 
4-6-82 
4-20-82 6.1 8.4 13.0 551 21. 8 lJ. 2 193 64 1 
5-4-82 12. 8 8.5 36.0 816 58.J 9.8 224 so 8 
5-18-82 15.3 8.3 33.0 559 48.5 7.8 209 86 2 
6-08-82 11.9 8.1 44.5 664 72.0 8.4 221 162 6 
6-22-82 21. 0 8.6 13.0 458 4 . 1 7.3 21J 30 1 
Site 2 
4-24-81 13.0 8.4 7.5 8.9 210 42 5 
5-8-81 10.9 8.6 29.0 1306 27.6 242 93 3 
5-26-81 8.6 28.0 36.0 237 165 2 
6-9-81 14.0 8.5 29 . 0 43. 7 9.5 268 112 0 
6-23-81 15.0 8.6 14.0 770 14.2 10. 8 279 54 5 
7-7-81 20.5 8.9 18.0 771 22.4 5.0 265 38 2 
7-21-81 24.0 8.5 25.0 817 32.4 6.7 297 44 8 
8-4-81 26.0 8.7 22.0 870 27.6 6.3 207 68 3 
8-18-81 22.9 8.7 27.5 941 30.4 8.2 315 52 2 
9-1-81 16.5 8.7 38.0 751 48.6 7.4 269 86 4 
10-6-81 12. 5 8.8 14.0 721 198.0 9.4 270 20 1 
11-3-81 7.3 8.7 8.4 869 124.0 12.7 241 20 1 
12-3-81 1.8 8.5 4.4 587 36.0 12.8 271 20 1 
1-19-82 
2-9-82 0.0 8.0 3.4 555 1.8 5.4 263 20 3 
2-18-82 
3-2-82 0 . 2 8.6 15.0 450 14.0 10.9 189 22 4 
4-6-82 
4-20-82 6.9 8.3 11.0 539 20.0 10.2 190 44 1 
5-4-82 12.5 8.5 44.0 778 70.8 9.2 223 90 5 
5-18-82 15.0 8.1 26.0 490 40.4 7.1 208 58 4 
6-08-82 12.2 8.0 39.0 543 63.6 7.8 232 80 3 
6-22-82 21.0 8.5 18.0 464 24.8 6.5 209 30 1 
a Corrected for temperature. 
TABLE 2. 
Marsh, 
L.H ton 
s •• ,1. Stat tan 
Surface flows (m3/sec) into 
Idaho at all major sites. 
,,. 
···--Chari•• Sprtn1 lloo•in1ton lainbov Crockett 
dat• (+ or -)• Cuek (+) Creek (+) Cueil (+) Canal (+) Canal (•) 
Year l 
( i98l) 
Apr. 24 0 0.04 J, 82 
!'lay 8 0 0.09 1.70 
May ,. 0 
'· 76 
Jun. 9 - IJ. 88 o. 21 4.4 7 
Jun. z:, -2. 92 ,.02 
Jul. 7 •H.54 0.9? 
Jul. 21 •2l.6S 6. 56 
"""· 
4 +2). :so 4.19 o. 06 
Aug. 
'" 
+U.70 2. 44 
s~.,. I +21. 70 a. :59 0.06 
Oct. 6 0 0.4:S O.OJ 
Nov. J -7 . :59 4 . JO 
O.c. I -6.00 4. 5.l 
( 1982) 
Jan . 19 -5 . 49 <L 22 o. )9 ). J7 a. 54 
F~b. 9 -5.69 0.)1 0.11 o. )6 ) . 2) o. 59 
Feb. 18 -4.98 0 .6) 0. J.6 O.M ).62 o. 59 
... , . 2 -ll.40 o. 10 0.18 o. ,2 9.0iJ 0. 65 
Ape. • -17.25 o. 34 0 . 20 0.65 14.87 0.14 Apr. 20 0 o. 97 0.29 0.99 20. 28 0 . 11 
Ape. llc 
-12.u 2.16 0 . 26 l.42 24. 58 o.u 
Teac 11 
(19 82) 
Ap·r. 24c 
-12.U 2. 16 0. 26 l. 42 24. 58 0.11 
... , . 
-4:!. 50 s.u 0.19 2. 49 JS. Jl 0.11 
... , 18 - 16.65 2. 74 0. 24 2. 80 62.02 o. 2) 
... , 22 -15.91 5.04 0.20 1.44 58. 48 o. 17 
Jun. • -12. 26 . J. 57 0 . 16 2. 92 50 ,4) 0 .25 Jun. 22 -15. 59 4 . 24 0. 36 J . )7 34.01 0.08 
Jun. 25 -46 . 75 ) . 85 0.29 1.37 39 ,11 0.08 
Jul. 7 -JO. 44 2.92 o. 96 J9.J6 0 . )4 
J1,1l. 21 -ll.41 1.19 0 . 22 0.8) 26.SJ o.J • 
Aul• lJ 0 1.08 0 I.OJ 15.01 o. 45 
Aug. 22 0 0.66 0 o. 20 U.47 0. 28 
Sep. 16 +16.l.l 0.26 0 1.09 ll.95 0.08 
Oct. J +41.64 1.56 0 J.17 21.95 0.08 
Oct. ll •ll.89 0 . 91 0 0.82 20.19 O.OJ 
Nov. +16 . 71 0. 75 0 o. 72 18.55 0. 25 
O.c. •12.12 25.94 
( l 9!S)) 
Ja n. 1 +2).96 0.90 0 0.68 8.)5 a. 40 
Feb. I +2) . 9] 0.65 0 1. 2) 9 . 91 0.45 
Mac. 7 +ll.Sl 0. 76 0 0 .5 4 18.18 0.71 
Apr. 
' 
+2). 7) o. 94 0 1.07 17 .02 0.11 
Apt. 18 0 1.27 0.22 1.14 15.74 0.08 
Apr. 2JC -4 . )J l.Jl o. 18 1.20 24 . 53 0.11 
lHC' Ill 
( 1983) 
Ape . 24c -4.)) L ;1 0.18 1.20 24. 52 0.11 
,._,, 20 -2). 11 1.50 0 1.49 62.55 a. 20 
Jun. 10 -JJ.lJ 4.18 0 J.10 127 .80 0.14 
J ul. II 0 2.69 0 1.93 47 .8 6 0 . 08 
Aug. 24 +14. 44 1. 44 0 1.10 )1. 72 o. 71 
Sep . 21 +-)(). 58 I.OJ 0 o. 86 17 .95 o. 34 
lndica.f .~s entering wht le ne,:,H ive: indic11tes h~aving eiar11h. 
and out of Dingle 
Lifton 
Outlet CauaevaJ Taul Tota! 
Canal (-) (-) in (+) out (-) 
a. 2J · J.87 o. 2l 
7 .08 L 79 7.0 8 
o. )4 4. 76 0. )4 
o. n 4.63 14 . 19 
20.H' 4.02 23 . 11 
J7. 86 36. SJ ]7 .86 
l7. 92 J0.10 l7 .92 
)0. 72 27. 7:S )0. 72 
27. 79 14. lJ 27. 79 
16. 74 24. J:S 16. 74 
o. 57 o. 48 o. 57 
0.06 4. JO 7 .65: 
0 . 14 4 , 5) 6.14 
0 . 08 4.51 5. 58 
o. as 4. 66 s. 78 
(1.08 S.7C 5.07 
0. 11 11.05 12 . 52 
0. 28 16 . 20 17. SJ 
0. )4 22 . 64 o. )4 
0. Jl 28.SJ ll. 47 
O. Jl 28 . 5) 12.'7 
0. 28 4). 26 42. 79 
o. 40 41. 7) 68.02 65. 78 
o. 40 44.96 65. JJ 65 . 27 
o. 45 41.00 57.)4 53. 72 
o. 45 42.06 36.05 
0. 45 44. 70 47.21 
o. 4) 4). 58 J0.87 
26.62 29 . ll ) 8 .0) 
)5. 40 17. 58 JS.GO 
)J. 56 12.61 )J . 56 
JJ.87 29. 52 JJ.87 
28. 74 )l.40 28. 1, 
JJ . 05 JJ.84 JJ.05 
)6.47 36.98 )6. l.7 
JJ. 36 )8.06 JJ . 36 
26. Jl )4.29 26. Jl 
32. 65 J6. l8 J2. 65 
)). 64 31.99 JJ.64 
26. 96 42.87 26. 96 
21. 83 18. 46 21.83 
17 .84 9. 74 27. JJ Jl.92 
U.84 9. '/4 27. Jl Jl.92 
o. 57 51.96 65. 7' n.64 
26 . 25 60. 97 ll5. 22 120. JS 
55 . 22 52.SS 55.22 
so. 69 49. 41 S0.69 
46.16 so. 77 46.16 
: ~:::~!:: !n dicaccs 1110rc .:ncc.-rcd l'!' .. ,r:o;.h th,, n !dt; 1:1inu!I ind tc:,tcs !!>(\re l eft c h .in <"nt,.red. 
,· V.du .. ·s ow..-r..- d .: t.:rm 1n cl.i by 1n tcrpolo1t ~on between su,plc rcs u l ts ob ca 1 nt.'1.i be foe.: and aiter the date . 
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( + or -f 
+).64 
-1.29 
+1o.,2 
-9. 5l 
-19 . 09 
-1. JJ 
-7 . 82 
-2.97 
-lJ.66 
+1 .61 
-0.09 
-l.H 
-L.61 
-1.01 
-1. 12 
+0.6) 
-l.47 
-1. JJ 
+22 . )0 
+-16.06 
H6.06 
+0 . 47 
+2 .2 4 
+0.06 
+) . 62 
~ - 01 
-2.51 
+l2.7l 
-8.92 
-17. 82 
-20.95 
-4 . )5 
+2.66 
+-0. 79 
+0.51 
+-4. 7l 
+7 . 98 
+J.5) 
-1.65 
+15.91 
-). )7 
-4 . 59 
-4. 59 
-9 .9 0 
+l4 . 87 
-2. 67 
-1.28 
H,61 
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TABLE 3. Precipitation and pan evaporation data, in cm, collected at 
Lifton Station, Idaho by Utah Power and Light personnel. 
1981 1982 1983 
Precip. Evap. Precip. Evap. Precip. Evap. 
January 2.92 0.30 
February 1. 96 0.28 
March 3.73 2.59 
April 1.55 3.33 3.89 
May 5.99 11 • 20 3.40 13. 1 2 8.36 15. 82 
June 2.95 19. 08 0.91 18.40 2. 18 17 .42 
July 0.89 24.38 8. 00 21 .89 4. 72 19. 89 
August 0. 41 22. 07 1.55 20. 14 8.76 1 9. 18 
September 1. 17 14. 68 14.33 11 . 7 3 6.65 13. 03 · 
October 6.60 2.79 
November 3.53 2.72 
December 4.39 3.05 
TABLE 4. Results of nonparametric randomized t-tests (RANDTEST) utilizing paired data 
points comparing amount entering with amount leaving per day in Dingle Marsh, Idaho 
for all sample .dates. 
Year Ia Year nb Year Ille 
One-tailed One-tailed One-tailed 
Paired s i gni fi ca nee Paired significance Paired s i gni fi ca nee 
n T level n T level n T 1 evel 
Water 20 -0.8691d 0.20 21 0.0366 0.49 6 -0.1499 0.44 
TSS 19 -0.0654 0.49 18 2.1274 0. 01 5 l • 4098 0. 16 
TP 20 0.2125 0.46 21 2 .8608 o. 01 6 1 • l 07 6 0.22 
P04-P 20 0.4853 0.32 21 2.4024 0. 01 6 l . 6495 0.02 
TOP 17 l.3784 0.10 6 l • 4618 0.02 
DOP 17 -0.3186 0.38 6 0.6915 0.38 
pp 17 2.4554 0. 01 6 0.9368 0.22 
Chl. ae 9 -1 . l 083 0.17 
~ Year I includes the period from April 24, 1981 through April 23, 1982. 
Year II includes the period from April 24, 1982 through April 23, 1983. 
c Year III includes the period from April 24, 1983 through September 21, 1983. 
d Minus indicates the mean amount leaving the marsh was greater than the amount 
entering. 
e Sampling interval was from February l, 1983 through September 21, 1983. 
...... 
w 
CY) 
TABLE 5. Total suspended solids, phosphorus, and 
chlorophyll concentrations in water samples taken from 
surface waters entering and leaving Dingle Marsh, 
Idaho. 
Phaeo- Total 
TSS TP P04-P TDP DOP pp Chl.a phytin pigment 
Da::e (mg/1) (ug/1 )----·----- · ----=---(mg/1)-----··---
Rainbow Canal 
4-24-81 42.0 97 9 
5-8-81 12.4 35 l 
5-26-81 18.6 108 3 
6-9-81 86 . 2 235 
6-23-81 60 . 0 153 5 
7-7-81 71. 6 88 11 
7-21-81 52 .0 96 l 
8-4-81 44.0 66 5 
8-18-81 46.0 46 1 
9-1-81 39.6 66 l 
10-6-81 13. 2 38 2 
11-3-81 8.1 20 l 
12-1-81 9.8 24 2 
1-19-82 2.4 15 2 
2-9-82 2 .8 19 2 
2-18-82 6.8 33 12 
3-2-82 91.2 198 24 
4-6-82 101.18 196 7 
4-20-82 269.0 350 12 
5-4-82 512.0 622 20 
5-18-82 55.8 102 2 
5-23-82a 261 20 40 20 221 
6-8-82 93.2 76 14 
6-22-82 117 .6 128 10 
6-25-82a 194 22. 33 11 161 
7-6-82 84 . 6 168 14 25 11 143 
7-21-82a 125.2 207 21 31 10 176 
8-13-82 103. 2 240 18 25 7 215 
8-22-82a 58.9 129 12 21 9 108 
9-16-82 25.1 63 5 11 6 52 
10-3-82a 28.1 339 25 32 7 307 
10-21-82 91. 2 170 5 16 11 154 
11-4-82 31.5 80 12 26 14 54 
12-9-82 19.8 55 13 20 7 35 
1-1-83 8.5 27 8 13 5 14 
2-1-83 7.5 29 9 14 5 15 0.13 0.26 0.39 
3-7-83 124.1 288 55 81 26 207 2.79 0.64 3.43 
4-4-83 559.4 688 14 26 12 662 5.66 0.75 6.41 
4-18-83 55.6 84 10 21 11 · 63 16 .00 0.00 16.00 
S-20-83a,b 146.4 282 21 34 13 248 2.32 0.78 3.10 
6-10-83a,b 66 . 6 191 39 59 20 132 2.17 0.08 2 . 25 
7-11-83a,b 32.6 116 28 48 20 68 4.16 0.00 4.16 
8-24-83a,b 212.7 293 24 38 14 255 3.92 0.00 3.92 
9-21-83a,b 64.3 130 14 23 9 107 5.41 0 .00 5.41 
a Twenty-four-hour sampling routine for mass-balance dynamics. 
a,b Twenty-four-hour in situ experiment. 
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TABLE 5. Conti.nued. 
Fhaeo- Total 
TSS TP P04-P TDP D0P pp Chl.a phyt i n pigment 
Date ( mg/ 1) µg/1)---- mg/1)--
Lifton Station 
4-24-81 8.6 22 7 
5-8-81 7 .6 24 4 
5- 26-81 8.4 36 5 
6- 9-81 21.1 51 0 
6-23-81 3.2 17 0 
7-7-81 16.8 46 3 
7-21-81 6.8 20 3 
8-4-81 10.8 28 2 
8-18-81 7.6 1 l 
9-1-81 12.0 l l 
10-6-81 0 . 6 12 l 
11-3-81 4 .4 30 l 
12-1-81 3.4 16 1 
1-19-82 l. 2 14 3 
2-9-82 1. 7 16 2 
2-18-82 5.0 40 12 
3-2-82 39.2 108 16 
4-6-82 42.6 90 3 
4-20-82 36.4 60 3 
5-4 - 82 56.5 52 1 
5-18-82 39.8 84 5 
5-23-82a 118 11 33 22 77 
6-8-82 24.8 26 2 
6-22-82 26.4 20 1 
6- 25-82a 107 19 31 12 76 
7-6-82 24.7 73 5 17 12 56 
7-21-82a 23.4 54 6 16 10 38 
8-13-82 
8- 22-82a 
9-16-82 0.8 344 97 131 34 213 
10-3-82a 3.4 43 18 27 9 16 
10- 21-82 1. 9 47 5 13 8 34 
11-4-82 3 . 9 15 5 14 9 1 
12- 9-82 5.3 17 11 16 s 1 
1-1-83 1.7 16 7 13 6 3 
2-1 -83 1.5 14 8 13 s 1 0 . 43 0.00 0 . 43 
3-7-83 7 . 0 15 6 15 9 0 0.27 0 . 03 0.30 
4-4-83 1. 7 20 9 20 11 0 0 .31 0.00 0.31 
4-18-83 0.0 0 0 0 0 0 0 .00 0.00 0.00 
5-20-83a,b 40.8 103 10 25 8 78 2.15 0 .4 8 2.63 
6-10-83a,b 22.4 86 19 33 14 53 3.35 0.00 3.36 
7-ll-8Ja, b 0.0 0 0 0 0 0 0 . 00 0.00 0.00 
8-24-8Ja,b 6.6 19 7 19 12 0 0. 77 0.00 0 . 77 
9-21-83",b 6.0 18 9 16 7 2 0 .58 0.00 0.58 
a Twenty-four-hour sampling routine for mass-balance dynamics. 
a,b Twenty- f our-hour in~ experiment. 
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TABLE 5. Continued. 
Phaeo- Total 
TSS TP P04-P TDP DOP pp Chl.a phytin pigment 
Date (mg/ 1) \Jg/l.) mg/1) 
Lifton Causeway 
4-24-81 
5-8-81 
5-26-81 
6-9-81 
6-23-81 
7-7 -81 
7-21-81 
8-4-81 
8-18-81 
9-1-81 
10-6-81 
11-3-81 
12-1-81 
1-19-82 
2-9 -82 
2-18-82 
3-2-82 
4-6-82 
4-20-82 
5-4-82 
5-18-82 26.6 29 1 
5-23-82a 82 6 29 23 53 
6-8-82 52.8 58 1 
6-22-82 
6-25-82a 
7-6-82 
7-21-82a 
8-13-82 
8-2 2-82a 
9-16-82 
10-3-82a 
10-21-82 
11-4-82 
12-9-82 
1-1-83 
2-1-83 
3-7-83 
4-4-83 
4-18-83 
5-20-83a,b 23.6 63 6 21 15 42 2.51 0.23 2.74 
6-10-8Ja,b 31. 2 84 11 24 13 73 4.41 0.00 4.41 
7-ll-83a,b 
8-24-83a,b 
9-21-8Ja,b 
a Twenty-four-hour sampling routine for mass-balance dynamics. 
a,b Twenty-four-hour in situ experiment. 
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TABLE 5. Continued. 
Phaeo- Total 
TSS TP P04-P TDP DOP pp Chl.a phytin pigment 
Date (mg/1} ug/1 )----- (mg/1)-------
Outlet Canal 
4-24-81 26.8 75 10 
5-8-81 98.6 148 51 
5-26-81 12.8 117 5 
6-9-81 18. 6 55 l 
6-23-81 48 . 0 115 5 
7-7-81 61. 6 54 l 
7-21-81 39 .2 66 2 
8-4-81 60.4 96 l 
8-18-81 42.0 46 l 
9-1-81 32.8 48 2 
10-6-81 1. 4 16 1 
11-3-81 3.6 28 2 
12-1-81 1.8 23 4 
1-19-82 5.2 26 5 
2-9-82 1.0 30 3 
2-18-82 38.0 96 14 
3-2-82 8.4 57 
4-6-82 22.2 96 l 
4-20-82 18.8 88 6 
5-4-82 127.0 108 9 
5-18-82 123.6 58 19 
5-23-82a 63 6 28 22 35 
6-8-82 40. 4 56 3 
6-22-82 32. u 38 1 
6-25-82a 30 5 15 10 l.5 
7-6-82 10.1 43 4 14 10 29 
7-21-82a 32.4 79 9 20 11 59 
8-13-82 48.J 128 6 14 8 114 
8-22-82a 51. 5 171 36 44 8 127 
9-16-82 18.1 SJ 20 35 15 18 
10-3-82a 10. 2 166 9 19 10 147 
10-21-82 37 . 7 99 5 15 10 84 
11-4-82 18. 3 66 10 22 12 44 
12-9-82 34.8 72 9 15 6 57 
1-1-83 5. 1 19 6 12 6 7 
2-1-83 3.7 30 8 15 7 5 0.47 0.11 0.58 
3-7-83 43.7 105 17 JO 13 75 1.04 0.59 1. 63 
4-4-83 10. 4 46 13 24 11 22 2.29 0.13 2.41 
4-18-83 43.6 73 15 27 13 46 7 .95 0.00 7.95 
5-20-8Ja,b 0.0 0 0 0 0 0 0.00 0.00 0.00 
6-10-83a,b 52.6 169 35 54 19 134 2.21 0.07 2.:8 
7-ll-83a, b 52.6 141 16 34 18 107 4.83 0 . 00 4.83 
8-24-83a,b 103. l 233 15 JO 15 203 5.17 0 . 00 5 .17 
9-21-83 8 'b 48.4 96 11 19 8 77 3. 44 0 . 00 3.44 
a Twenty-four-hour sampling routine for mass-balance dynamics. 
a,b Twenty-four-hour in~ experiment. 
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TABLE 5. Continued. 
Phaeo- Total 
TSS TP P04-P TDP DOP pp Chl.a phyt1n pigment 
Date (mg/1) (µg/1)--------- mg/1) 
Ream-Crockett Canal 
4-24-81 
5-8-81 
5-26-81 
6-9-81 
6-23-81 
7-7-81 37.3 58 4 
7-21-81 33.6 66 24 
8-4-81 24.8 58 9 
8-18-81 26 . 6 34 1 
9-1-81 27. 2 78 2 
10-6-81 0.0 28 l 
11-3-81 17.4 28 1 
12-1-8.l 23.4 59 4 
1-19-82 7 .6 24 3 
2-9-82 9 . 6 31 10 
2-18-82 12.4 44 14 
3-2-82 85.2 172 27 
4-6-82 42.8 80 7 
4'-20-82 · 136. 4 238 9 
5-·4-82 166.0 194 9 
5-18-82 749. 0 270 14 
5-23-82a 276 41 80 39 196 
6-8-82 45.4 68 9 
6-22-82 74 .4 90 13 
6-25-82a k78 20 32 12 146 
7-6-82 51. 0 134 17 30 13 104 
7-21-82a 51. 6 147 19 30 11 117 
8-13-82 45.2 135 18 25 7 110 
8-22-82a 
9-16-82 13.4 52 12 20 8 32 
10-3-82a 
10-21-82 7.5 45 4 15 11 30 
11-4-82 60.4 144 13 27 14 117 
12-9-82 
1-1-83 15 .1 45 9 15 6 30 
2-1-83 16.3 68 10 15 5 53 0.51 0.39 0.90 
3-7-83 82.0 242 44 66 22 176 1.69 1. 23 2.92 
4-4-83 11.8 66 18 30 12 36 2.10 0.92 3.02 
4-18-83 36.2 68 8 20 12 48 7.01 0.00 7.01 
5-20-83a,b 
6-10-83a,b 
7-11-83a, b 
8-24-83a,b 
9-21-83a,b 
a Twenty-four-hour sampling routine for mass-balance dynamics. 
a,b Twenty-fo ur-hour in~ experiment. 
TABLE 5. Continued. 
Phaeo- Total 
TSS TP P04-P TDP DOP pp Chl.a phytin pigment 
Date (mg/ 1) ,ug/1 mg/1)--
St. Charles Creek 
4-24-81 10. 2 131 76 
5-8-81 8.4 42 3 
5-26-81 3.0 47 9 
6-9-81 3.8 26 0 
6-23-81 
7-7 -81 
7-21-81 
8-4-81 
8-18-81 
9-1-81 
10-6-81 
11-3-81 
12-1-81 
1-19-82 
2-9-82 0.0 13 8 
2-18-82 4.6 22 12 
3-2-82 4.0 80 5 
4-6-82 4.6 4 4 
4-20-82 8.0 48 9 
5-4-82 37.2 38 17 
5-18-82 16. 6 30 12 
5-23-82a 63 27 43 16 20 
6-8-82 6.8 26 8 
6-22-82 4.8 16 6 
6-25-82a 39 15 23 8 16 
7-6-82 8.4 32 11 18 7 14 
7-21-82a 49.l 85 18 28 10 57 
8-13-82 46.6 75 13 20 7 55 
8-22-82a 
9-16-82 63.7 90 12 19 71 
10-3-82a 
10-21-82 8.6 23 8 16 8 7 
11-4-82 26.4 53 12 24 12 29 
12-9-82 
1-1-83 6.2 27 12 19 7 8 
2-1-83 5.3 43 35 42 7 l 0.35 0.55 0.90 
3-7-83 66.7 101 17 26 9 75 0.89 1. 36 2 . 25 
4-4-83 35.5 74 19 29 10 45 o. 71 1.17 1.88 
4-18-83 
5-20-83a,b 
69.6 104 20 28 8 76 1.13 1. 22 2 . 35 
6-10-83a,b 
7-ll-83a, b 
8-24-8Ja,b 
9-21-8Ja,b 
a Twenty-four-hour sampling ruutine for mass- balance dynamics. 
a,b Twenty-four-hour in~ experiment. 
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TABLE 5. Continued. 
Phaeo- Total 
TSS TP P04-P TDP DOP pp Chl.a phytin pigment 
Dace (mg/1) µg/1) mg/1)--
Spring Creek 
4-24-81 
5-8-81 
5-26-81 
6-9-81 
6-23-81 
7-7-81 
7-21-81 
8-4-81 
8-18-81 
9-1-81 
10-6-81 
11-3-81 
12-1-81 
1-19-82 208.0 162 11 
2-9-82 80. 4 80 5 
2-18-82 41.0 54 18 
3-2-82 29.6 52 1 
4-6-82 20.2 6 6 
11-20-82 97 .6 150 32 
5-4-82 36.0 so 9 
S-18-82 13.8 60 10 
5-23-82a 122 29 54 25 68 
6-8-82 70.0 44 9 
6-22-82 20.4 32 6 
6-25-82a 100 22 33 11 67 
7-6-82 
7-21-82a 6. 7 26 4 19 15 7 
8-13-82 
8-22-82a 
9-16-82 
10-3-82a 
10-21-82 
11-4-82 
12-9-82 
1-1-83 
2-1-83 
3-7-83 
4-4-83 
4-18-83 27.4 38 17 32 16 s 1.56 0.32 1. 88 
S-20-83a,b 
6-10-83a • b 
7-ll-83a, b 
8-24-83a,b 
9-21-83a, b 
a Twenty-four-hour sampling routine for mass-balance dynamics. 
a,b Twenty-four-hour l!!_ ~ experiment. 
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TABLE 5. Continued. 
Phaeo- Total 
TSS TP P04-P TDP OOP pp Chl.a phytin pigment 
Date (mg/1) (µg/1)-------- ---=--(mg/1)-------
Bloomington Creek 
4-24-81 56.4 56 42 
5-8-81 27.0 81 12 
5-26-81 26.2 92 21 
6-9-81 55.0 124 7 
6-23-81 
7-7-81 
7-21-81 
8-4-81 
8-18-81 
9-1-81 
10-6-81 
11-3-81 
12-1-81 
1-19-82 0.8 28 17 
2-9-82 4.4 33 18 
2-18-82 11.6 77 34 
3-2-82 9.2 82 34 
4-6-82 15.8 68 18 
4-20-82 30.6 122 28 
5-4-82 36 . 8 104 23 
5-18-82 19.9 80 10 
5-23-82a 140 33 67 34 73 
6-8-82 12.4 20 18 
6-22-82 10.0 81 10 
6-25-82a 53 22 29 7 24 
7-6-82 11.0 so 20 27 7 23 
7-21-82a 39.9 70 25 36 11 34 
8-13-82 40.8 97 20 28 8 69 
8-22-82a 
9-16-82 54.8 99 25 25 0 67 
10-3-82a 
10-21-82 3.4 24 12 21 9 3 
11-4-82 23.2 31 19 31 12 0 
12-9-82 
1-1-83 7.4 40 18 25 7 15 
2-1-83 9.4 37 15 22 7 15 0.72 0.39 1.11 
3-7-83 33.8 70 33 47 14 33 0.69 0.59 1. 28 
4-4-83 50.5 65 19 34 15 31 1.00 0.54 1.54 
4- 18- 83 63.0 
S-20-8Ja,b 
98 22 32 10 66 3.68 0.21 3.89 
6-10-83a,b 
7-ll-83a,b 
8-24-BJa,b 
9-21-83a,b 
a Twenty-four-hour sampling routine for mass--balance dynamics. 
a,b Twenty-four-hour in~ experiment. 
TABLE 5. Conti.nue.d. 
Phaeo-
TSS TP P04-P TDP DOP pp Chl.a phytin 
Date (mg/1) (µg/1)---------- ----=--(mg/1) 
Composite of Ream-Crockett Canal and St. Charles, 
Spring, and Bloomington Creeks 
4-24-81 
5-8-81 
5-26-81 
6-9-81 
6-23-81 
7-7-81 
7-21-81 
8-4-81 
8-18-81 
9-1-81 
10-6-81 
11-3-81 
12-1-81 
1-19-82 
2-9-82 
2-18-82 
3-2-82 
4-6-82 
4-20-82 
5-4-82 
5-18-82 
5-23-82a 
6-8-82 
6-22-82 
6-25-82a 
7-6-82 
7-21-82a 
8-13-82 
8-22-82a 31. 7 91 17 25 8 66 
9-16-82 
10-J-82a 3.0 66 28 JO 2 36 
10-21-82 
11-4-82 
12-9-82 
1-1-83 
2-1-83 
3-7-83 
4-4-83 
4-18-83 
S-20-83a,b 43.0 92 16 28 12 65 4.35 0.75 
6-10-83a, b 10. 7 37 16 24 8 13 1.07 0.05 
7-ll-83a, b 17.6 61 21 33 12 40 1. 92 0.00 
8-24-83a,b 35.2 78 18 31 13 47 2.47 0.00 
9-21-8Ja,b 13. 5 33 14 21 7 12 1.25 0.00 
a 
a,b 
Twenty-four-hour sampling routine for mass-balance dynamics. 
Twenty-four-hour i n situ experiment. 
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Total 
pigment 
5.10 
1. 12 
1.92 
2 . 47 
1. 25 
TABLE 6. Phosphorus concentrations in precipitation in southern Idaho and northern Utah. 
Concentration 
Collection Type of TP pp TOP P04-P DOP 
Date site precipitation - - - - - - - - - g/1 - - -
2/10/82 Dingle Marsh, Snow 34 9 
Idaho 
3/2/82 Dingle Marsh, Snow 27 5 
Idaho 
4/6/82 Dingle Marsh, Snow 20 6 
Idaho 
5/28/82 Logan, Utah Snow 26 12 14 8 6 
6/1/82 Logan, Utah Rain 32 28 
6/30/82 Logan, Utah Rain 31 6 25 17 8 
9/16/82 Logan, Utah Rain/Hail 40 5 35 15 10 
9/25/82 Logan, Utah Rain 19 0 19 12 7 
3/17 /83 Logan, Utah Snow 19 3 16 9 7 
3/19/83 Logan, Utah Snow 13 4 9 
5/11/83 Logan, Utah Snow 17 13 4 
Mean 28 5 20 11 7 
Standard deviation 7.37 4.44 7.76 6.86 l. 98 
+" 
m 
TABLE 7. Data collected from enclosure study done on Dingle Marsh, 
Idaho in 1983. 
Treat.. W..ur Total Uve 
& o.o. T5mp. Vol. TP TOP P~-P n DOP TSS Chl • .§. Pbaeo. Pig. Bul. Det. Peri. 
Date 191>. Time (mg) ( C) (liteu) ( /1)--- ---(1111/l) ---(pl---
930:,20 11 1600 10 . 9 10. 7 63. 0 108 21 13 87 8 26 . 8 2 . 60 o . 61 3. 21 o. 0 0 . 0 0 . 0 
930:,21 11 0600 10.8 8 . 3 63 . 0 9:, 17 :, 78 12 30 . 3 2 . 24 I. 26 3. :,1 0 . 0 0 . 0 0. 0 
830:121 11 1800 11. 2 11. 3 62 . 0 94 18 3 76 1:, 31. 1 3. :,7 o . 00 3 . :,7 o . 0 0. 0 0 . 0 
930:,20 12 1800 11. 2 10 . 2 63 . 0 84 21 11 63 10 2:, . 1 2 . 19 o . :,e 2 . 77 o. 0 o . 0 0 . 0 
830:121 12 0600 10 . 2 8. 2 63. 0 86 19 :, 67 14 27 . .:Z 3 . 13 0. 38 3 . :,1 0 . 0 0 . 0 0 . 0 
930:,21 12 1800 10. 0 12 . 2 62 . 0 94 1:, 3 79 12 36 . 0 3 . 89 0 . 33 4 . 22 0 . 0 0 . 0 0 . 0 
930:,20 ·21 1800 13 . 1 10 . :, 63 . 0 80 21 8 :,9 13 zz . 1 2 . 43 0. 3:, 2 . 78 0 . 0 0 . 0 0 . 0 
e30:,21 21 0600 10.0 8 . 2 63 . 0 68 20 8 48 l.! 19 . 4 l . 14 0. 73 l . 87 o . 0 o . 0 o . 0 
930:,21 21 1800 11. 0 11. 7 62 . 0 :,4 1:, 4 39 11 1:, . 9 l. 34 0 . 00 1. 34 o . 0 0 . 0 0 . 0 
830:520 22 1800 1 l. I 10 . 2 63 . 0 92 22 11 70 11 23 . :J 2 . 70 o . 13 2 . 83 0 . 0 0 . 0 0 . 0 
030:,21 22 0600 10.0 0. 1 63 . 0 64 19 7 4:, 12 17 . 2 2 . 21 0 . 18 2.39 0 . 0 0 . 0 o . 0 
830:521 22 1800 10.0 12 . 7 62 . 0 :,9 I:, :, 44 10 19 . 0 o . 87 0 . 01 o . 88 o . 0 0 . 0 0 . 0 
930:,20 31 1800 11. 9 10.:, 63 . 0 264 23 9 241 14 132 . 0 I:, _ 82 l . 39 17 . 21 0 . 0 :.:,0 . 4 
830:521 31 0600 7 . 9 8. 2 63 . 0 112 22 :, 90 17 38 . 4 :, _ :56 0 . 93 6 . 49 0 . 0 2:58 . 4 
830:521 31 1800 9 . 4 11. 8 62 . 0 77 16 3 61 13 23 . 7 I. 43 o . 71 2 . 14 o . 0 258 4 
830:520 32 1800 13. I 10. 8 63 . 0 326 2:, 8 301 17 111 . :, 16 . 48 o . 00 lb. 48 0 . 0 183 . :, 
830:121 32 ObOO 9 . 0 0. 4 63 . 0 9q 19 , 80 14 33.0 :, _ 18 o . 00 :, _ 18 0 . 0 183 . , 
030:,21 32 1800 9. 8 11 . :, 62 . 0 84 17 3 67 14 28 . 3 2 .3 6 0 . :,:, 2. 91 0 . 0 183 . :, 
830:520 41 1800 11 . 0 10.:, 63 . 0 294 20 9 274 11 174 . 7 17 . 33 o . 00 17 . 33 0 . 0 61. 8 
830:521 41 0600 10.2 7. a 63 . 0 148 26 10 l22 16 :,3 _ 0 0 . 99 0 . 00 8 . 99 0 . 0 61 . 8 
830:521 41 1800 12 . 4 11 . :, 62. 0 79 14 2 6:, 12 31 . 0 2 . 02 0 . 20 2 . 22 0. 0 61. 8 
830:,20 42 1800 12 . 1 10 . 2 63 . 0 :,:,9 20 6 33. 14 182 . 2 1:, . 41 o . 00 I:,. 41 0 . 0 :,7 6 
830:121 4.! 0600 9 . :, 8. 1 63.0 132 22 9 110 t:l :53. 2 8 . 77 0 . 00 8 . 77 0 . 0 :,7 6 
830:5.!1 42 1800 II. 8 12 . 0 62 . 0 97 13 3 84 10 37 . 8 1. 77 0 . 17 1. 77 0 . 0 :,7 6 
830:520 ,1 1800 11. 1 10. 0 :50.!. 4 136 32 19 104 13 61. 9 .! . 94 1. 03 3 . 97 0 . 0 0 . 0 0 . 0 
830:521 '1 0600 10 . 2 8 . 3 ,02 . 4 99 28 14 71 14 27 . 3 a. 47 0 . 00 4 . 47 0 . 0 0 . 0 0 . 0 
830:521 ,1 1800 11. 7 l l . 2 ,01 . 4 74 19 6 :,:, 13 22. 9 l. 7:, 0. 20 I. 9:, 0 . 0 o . 0 0 . 0 
830:520 ,2 1800 11 . 2 10 . 0 '10 . 3 93 2:, 14 68 11 3:, _ 8 2 . 79 0 . :56 3 . 3:, 0 . 0 0 . 0 0 . 0 
930:,21 ,2 0600 10 . 6 8 . :, :Ho . 3 77 22 9 ,:, 13 20 . 0 3 . 99 0 . 23 4 . 22 0. 0 0 . 0 0 . 0 
930:,21 ,2 1800 10.8 12 . 3 :,09 _3 68 1:5 :, :,3 10 18 . 4 l. 43 0 . 26 l. b9 0 . 0 0 . 0 0 . 0 
930:,20 61 1800 12. 1 10 . 0 :,02 . 4 101 :.?3 8 78 1:, 32 . 4 3 . 06 o . a:, 3 . 91 0 . 0 186 . 7 
930:,;z1 61 0600 9 . 6 8 . :, :,02 . 4 66 22 8 44 14 18 . 8 3. 06 0. 62 3 . 68 0 . 0 186 . 7 
830:1:;!l 61 1800 11. 4 12 . 0 :,01. 4 :,9 16 3 42 13 16 . 4 1. :,3 0 . 10 1. 63 0 . 0 186 . 7 
830:120 62 1800 12. 0 10 . 0 :533 . 8 106 23 7 83 16 41. 3 7 . :.?4 0 . 19 7 . 43 0 . 0 307 . 8 
830:5:.?1 62 0600 10. 4 8 . , :,33 _ 8 64 19 :, 4:, 14 16 . 9 3. 6:1 o. 12 3. 77 o . 0 307 . 8 
930:,:.?1 62 1800 11 . 0 12 . 3 :,32 , 8 61 16 3 4:, 13 1:5. 0 l. 60 0 . 28 l. 88 0 . 0 307 . 8 
930:,20 71 1800 11. 2 10 . 2 478 . 9 93 20 12 73 8 33 . 6 2 . 48 0 . 63 3 . 1 l 0 . 0 0 . 0 0 . 0 
830:521 71 0600 8 . 9 8 . 3 478 . 9 174 31 13 143 18 68. 4 l. 34 0 . 74 2. 08 0 . 0 0 . 0 0 . 0 
830:521 71 1800 11. 3 11. 8 478. 9 b:, lb b 49 10 1 :, , 1 4 . 18 o . 30 4 . 48 o . 0 0 . 0 0 . 0 
030:,:;zo 72 1800 11. 8 lo. 4 4 7 6. 5 88 l 9 11 69 8 34.0 2.90 0.82 3.72 o.o 0. 0 o.o 
830:5:;!l 72 0600 9.2 8.6 4 76. 5 180 2 9', 14 151 ls 71. 2 1.00 0. 61 l. 61 o.o o.o 0.0 
930:,:;z 1 72 1800 11.0 11.9 476.5 78 18 8 60 10 16. 1 6. 10 0 .2 4 6. 34 o.o 0.0 0. 0 
930:,:;zo 81 1800 l 1. 1 10 . :, 447 . :, 89 :;zo 10 69 10 33 . 7 2 . 07 1. 24 3 . 31 0 . 0 o . 0 
830:1:;!1 81 0600 9 . :, 8. 8 447 . :, 188 34 20 1:54 14 76 . 3 0 . 19 0 . 9:, l. 14 0 . 0 0. 0 
830:52 1 81 1800 10 . 8 11. 7 447 . :, 109 20 8 89 12 34 . 0 7 . 27 0 . 00 7 . ~7 0. 0 0 . 0 
030:,:;zo 82 1800 11.0 10.3 448.0 LOO 21 11 79 10 38.1 3.10 l. 4 4 4. 5 4 o.o o. o 0 . 0 
830:121 9:;z 0600 9. 4 8.8 448.0 192 32 18 160 14 80.l l. 49 1.20 2. 69 0 . 0 o.o o.o 
830:121 82 1eoo lo. 9 11.5 448.0 98 21 7 77 14 3 2. l 6.20 0.30 6.50 o. o 0.0 0.0 
830610 11 1900 7 . b 19 . 0 63.0 139 64 44 7:, :;zo :JO. 1 2 . :,0 0 . 00 2. 50 0 . 0 0 . 0 0 . 0 
83061 I 11 0700 6.:, 17. 0 63.0 139 :,4 33 9:, 21 3;z_ 6 3 . 44 o. 00 3 . 44 0 . 0 0 . 0 0 . 0 
830611 II 1900 6 . b 16 . 4 62. 0 132 48 :JO 84 18 31. 9 3. 73 0 . 00 3 . 73 0 . 0 0 . 0 o. 0 
830610 12 1900 7 . b 19 . 0 63 . 0 136 bl 41 7:, :;zo 32 . 2 2 . 42 0 . 00 2 . 42 0 . 0 0 . 0 0 . 0 
830611 1:;z 0700 7. 0 17 . 0 63 . 0 137 :16 3:, 81 21 3:;!. I 3. 91 o . 00 3. 91 0 . 0 0 . 0 0 . 0 
830611 12 1900 b. 7 lb . 4 b2. 0 134 :,o 30 84 20 34 . 4 4 . ob 0 . 00 4 . 66 o . 0 0 . 0 0 . 0 
830b10 21 1900 7 . 3 19 . 0 b3 . 0 13b b;;! 42 74 :;zo 33. 1 2. 44 o . 00 :!. 44 0 . 0 0 . 0 0 . 0 
830611 21 0700 6 . 6 17 . 0 63. 0 104 :,7 3:, 47 22 I:,_ 4 1. 7:, o . 00 l. 7:, 0 . 0 0 . 0 0 . 0 
830b 11 :;z1 1900 7 . :, 16 . 4 b:;!. 0 89 49 31 40 18 9 . 3 1 . b7 0 . 00 1. b7 0 . 0 0 0 0. 0 
830610 22 1900 7 . :, 19 . 0 63 . 0 13b i!,:, 44 71 21 34 9 2 . 73 0 . 00 2. 73 0 . 0 0 . 0 o . 0 
83061 I 22 0700 b . 8 17. 0 63 . 0 10:, ,0 37 47 21 14 . 0 1. b4 o . 00 l. 64 o . 0 0 . 0 0 . 0 
830611 22 1900 7 . 0 lb . 4 6:;!. 0 88 !'1 3:;z 37 19 8 . 1 2 . ;z:, 0 . 00 2 . 2:5 0 . 0 0 . 0 0 . 0 
830610 31 1900 7. 4 19 . 0 b3 . 0 317 6:;! 39 2:5:5 23 116. 0 21 . 17 0 . 00 21. 17 o . 0 224 . 5 
830611 31 0700 3 . b 17 . 0 63 . 0 10:, :59 18 46 41 19 . :, 2 . 12 0 . 00 2. 12 0 . 0 224 5 
830611 31 1900 :,_ 8 16. 4 62. 0 b7 26 9 41 17 7 . I I. 29 0 . 00 I. ;;z9 0 . 0 224 . 5 
830610 3:;z 1900 7. :, 19 . 0 63 . 0 368 63 42 20:, 21 181. 4 9 . 08 0 . 00 9 . 68 0 . 0 174 9 
TABLE 7. Continued. 
Treat. Water Total Live 
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D.O. Tg11111. Vol. TP TDP P04-P pp DOP TSS Chl. .1 Phaeo. Pig. Bul. Dec. Peri. Data Rap. Time (ac) ( C) (l1tera) (u&/1) ---(ag/1) ---(p)--
8308.?4 8.i? 0700 4 . 6 18 . 5 94 3 148 63 40 85 .?3 34 4 .J . 41 o. 00 3 . 41 0.0 0 . 0 0 . 0 
8308.?4 8.i? 2000 9 . 0 .?4. 0 94 . 3 119 47 22 7.i? 25 17 . 7 4 . 29 0 . 00 4 . 29 0.0 0 . 0 o. 0 
8309:Zl 11 1800 9 . 6 15 . :Z 47 . 0 177 69 57 108 1.i? 37 . 7 3. 56 0 . 00 3 . :lo 0 . 0 0 . 0 0 . 0 
83092:Z 11 0700 7 . 6 1.0 47 . 0 :Z25 6, 56 160 9 ~8 . 3 4 . 60 o. 00 3. ,a 0 . 0 0 . 0 0 . 0 
8309:Z:Z 11 1800 7 . 9 18.0 46 . 0 312 6, 50 247 i:, 81. 4 . 2. 46 l. 44 3 . 90 0 . 0 0 . 0 0 . 0 
830921 12 1800 9 . , 1:, . I 47 . 0 100 26 13 74 13 31. 5 3. 12 0 . 00 3. 1:Z 0.0 0 . 0 0 . 0 
830922 12 0700 7 . 4 l . l 47 . 0 103 31 19 7.i? 12 30 . 7 4 . 43 o. 00 4 . 43 o. 0 0 .0 o. 0 
8309.?2 12 1800 8 . I 18. 7 46.0 106 3.i? 1, 74 17 2, . 8 , . 4:, 0 . 00 , . 4':, o. 0 0 . 0 0 . 0 
8309:Zl 21 1800 9 . 4 1, . 0 47 . 0 :Z84 28 1:, 2,0 13 132 . 1 4 . 4:, I. 74 6 . 19 0 . 0 0 . 0 0.0 
8309:Z.i? 21 0700 7 . 4 0 . :, 47 . 0 143 43 31 100 12 33 . 8 2. 16 0 . 03 :z. 19 0 . 0 0 . 0 0 . 0 
830922 21 1800 7 . 9 18 . 0 46 . 0 11:, 42 18 73 14 22. 7 I. 27 0 . 00 l. 27 0 .0 0 . 0 0. 0 
830921 22 1800 9 . :, 1' . 1 47 . 0 311 28 1:, 283 13 2 1 l. 3 10 . 26 4. 26 14 . ,2 0. 0 0 . 0 0 . 0 
830922 22 0700 7 . 0 I. 0 47 . 0 140 40 2:, 100 1, 33 . 4 .i?. 14 0. 18 ;;?. 32 0. 0 - 0 . 0 0 . 0 
8309.?2 22 1800 7 . 8 18 . 0 46 . 0 124 47 32 77 1, 20 . :'l 3.29 0 . 00 3. 29 0 .0 0.0 0 . 0 
830921 31 1800 9 . , 1,. 4 47 . 0 103 2, 14 78 11 23 . 1 2. 2, 0 . 00 2 . 2:, 0 . 0 114 . 3 0 . 0 
830922 31 0700 :,_ 4 0.:, 47 . 0 79 32 1, 47 17 17 . 1 5. 41 0.00 5 . 41 0 . 0 114 . 3 0 . 0 
8309:Z:Z 31 1800 9 . 0 18 . 0 46 . 0 63 26 10 37 16 9 . 3 0 . 79 0 . 00 0 . 79 0 . 0 114 . 3 0 . 0 
830921 32 1800 9 . 6 15 . 3 47 . 0 97 27 14 70 13 32 . 5 3 . 23 0 . 00 3 . 23 0 . 0 98 . 2 0 . 0 
830922 32 0700 :, . 9 I. 0 47 . 0 81 33 17 48 16 18 . 2 :,_ 23 0 . 00 :, . 23 0 . 0 98 . 2 0 . 0 
8309.?2 3:Z 1800 8 . 9 18 . 3 46 . 0 68 :Z7 10 41 17 10 . 7 :z. 08 0 . 21 2 . 08 0 . 0 98 . 2 0 . 0 
830921 41 1800 9 . 3 1 :5. I 47 . 0 124 26 13 98 13 37 . 4 3 . 3:, 0 . 79 4 . 14 0 . 0 0 . 0 0 . 0 
830922 41 0700 7. 7 0 . , 47 . 0 84 33 16 :,1 17 17 . I 2 . 48 0 . 00 2. 48 0 . 0 0 . 0 0 . 0 
830922 41 1800 7. 6 17 . 9 46 . 0 90 29 11 61 18 11. I 2 . 52 0 . 00 2. 52 0 . 0 0 . 0 0 . 0 
830921 42 1800 9 . 4 1, . 2 47 . 0 10, 2:, 1, 80 10 25 . 8 3 . 60 0 . 00 3 . 60 0 . 0 0 0 0 . 0 
830922 4:Z 0700 7 . 8 I . 0 47 . 0 82 37 20 45 17 18 . 2 2 . :,4 0 . 00 2 . 54 0 . 0 0 . 0 0 . 0 
830922 42 1800 8 . 0 18 . 0 46 . 0 69 28 9 41 19 11. 2 2 . 02 0. 00 2 . 02 o. 0 0 . 0 0. 0 
830921 ,1 1800 10. 0 1, . 2 40 . 1 184 2, 13 159 12 :,3 _ 1 6 . 37 0 . 00 6 . 37 0 . 0 0 . 0 o. 0 
83092.i? :,i 0700 6 . 0 0 . 0 40 . 1 149 39 23 110 16 42. 4 6 . 37 0 . 00 6 . 37 0 . 0 0 . 0 0. 0 
830922 ,1 1800 11 . 5 20 . 0 39 . 1 116 31 12 81 19 20. 0 5 . 25 0 . 00 5 . 25 0 . 0 0 . 0 0. 0 
830921 '2 1800 10. I 1, . 2 44 . 8 167 27 1:, 140 14 51. 2 5. 68 0 . 00 5 . 68 0. 0 0 . 0 0 . 0 
830922 52 0700 6 . 2 0 . 0 44 . 8 141 33 17 108 16 30 . 9 4 . 87 0 . 00 4 . 87 o. 0 0 . 0 0 . 0 
830922 ,2 1800 12 . 1 19 . 0 43 . 8 120 29 8 91 21 24 . 4 4 . 85 0 . 00 4 . 9:, 0 . 0 0 . 0 o. 0 
830921 61 1800 9 . 8 1:, , 0 40 . 178 32 15 146 17 4:5. 0 9 . 51 0. 00 9 . 51 0 . 0 398 . 7 0.0 
830922 61 0700 3. 8 0. -0 40 . 139 43 27 96 16 32 . 7 6 . 33 o. 00 6 . 33 0 . 0 398 . 7 0 . 0 
83092.i? 61 1800 10 . 0 18.0 39 . 116 37 16 79 21 23 . 3 0. 93 o. 00 0 . 93 0 . 0 398 . 7 0 . 0 
830921 62 1800 9 . 7 15 . 1 40. 1 254 28 14 226 14 97 . 1 14 . 97 2 . 40 17 . 37 0 . 0 502 . 9 0 . 0 
830922 62 0700 4 . 2 o. 0 40 . I 10:, 50 32 :,5 18 26 . 0 5 . 29 o. 00 5 . 29 0 . 0 50:;?. 9 0 . 0 
830922 62 1800 9 . 2 18. :, 39 . 1 111 28 8 83 20 
" · 2 7 . 51 0 . 00 7 . 51 0. 0 502. 9 0 . 0 830921 71 1800 9 . 6 15 . 2 29 . 9 213 24 10 189 14 65 . 1 7 . 31 0 . 00 7 . 31 o. 0 0 . 0 0 . 0 
830922 71 0700 7 . 4 0 . 5 29 . 9 210 37 :Z2 173 15 71. 7 4 . :z, 0 . 61 4 . 86 0. 0 0 . 0 0 . 0 
830922 71 1800 10.8 22 . 0 29 . 9 169 29 9 140 20 46 . 3 6 . :z:, 0 . 00 6 . 2:l 0 . 0 0 . 0 0 . 0 
830921 72 1800 9 . 4 15 . 2 40 . 1 168 2:, a 143 17 77 . 2 16 . 04 0 . 00 16 . 04 0 . 0 0 . 0 o. 0 
830922 72 0700 6 . , o. , 40 . 1 203 40 28 163 12 60 . 5 4 . 00 0 . 70 4 . 70 0 . 0 0 . 0 0. 0 
830922 7:Z 1800 a. 1 18. 0 40 . 1 424 39 21 3135 18 95 . 3 2 . 25 1. 80 4 . 05 0 . 0 0 . 0 0 . 0 
830921 81 1800 9. 8 15 . 1 69 . 9 136 26 13 110 13 42 . 2 6 . 56 0 . 00 6 . 56 0 . 0 0 . 0 0. 0 
830922 81 0700 6. 2 0. 0 69 . 9 18:Z 41 28 141 13 :,1 . 7 2 . 85 o. 83 3 . 68 0. 0 0 0 0 . 0 
830922 81 1800 0. 0 18. 7 69 . 9 174 30 14 144 ·10 51. 6 4.20 o. 00 4 . ;;io 0 . 0 0 . 0 0 . 0 
8309:Zl 82 1800 9 . 2 1:5. 2 69 . 9 160 25 12 135 13 52 6 14 . 97 0 . 00 14 . 97 0 . 0 0 . 0 0 . 0 
830922 82 0700 5. 1 0. 0 69 . 9 156 38 24 118 14 44 . 1 3. 25 0 . 74 3 . 99 0 . 0 0 . 0 o. 0 
830922 82 1800 7 . 4 18.;;? 69 . 9 161 35 18 1:16 17 76 . 2 0 . 95 o. 00 8 . 95 0. 0 0 . 0 0 . 0 
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830712 •1 0600 J . ., 16 . 0 6'>3 . 7 74 48 :z. 2t. l'1' ,. ., 2 . ~ 0 . 00 2. ,o 160 . 7 37'1' . 4 216 . 8 
830712 411 · 2100 8 . 3 21 . 0 61>2. 7 ., 43 23 zz 20 , . o J . 18 0 . 00 J . 18 160 . 7 J7'1' . 4 2 16 . 8 
830711 •2 2100 
" · a 
1a . a 7:,4 _ 0 88 46 .!9 42 17 24 . 6 10 . 0, 0 . 00 10. o:, 1 7 t. . 6 :577 . 4 J29 9 
830712 62 0600 3 . 9 ! t. . 0 7:,4 _ 0 -r, 44 
" 
J:, 19 7 . 8 4 . J:J 0 . 00 4 . 33 176 . I, :, 7 7 _ 4 :J~9 . 9 
830712 62 2100 8 . 2 21 . 2 7:,3_ 0 ., 34 13 27 :a 3.:1 ,. ~ 0 . 00 :, _ 9:, 176 . 6 ,n . 4 329 . 9 
8J0711 71 2100 6 . 7 18. 8 667 . 6 74 43 27 31 16 9 . 7 4 . 06 0 . 00 4 . 06 0 . 0 0 . 0 0 0 
830712 71 0600 4 . 6 16. 0 667 . 6 89 :s:z 3.! 37 20 14 . 7 2.04 o . 00 2 . 04 0 . 0 o . 0 0 . 0 
830 7 12 71 2100 8 . I 21 . 2 666.6 74 40 2.:l 34 20 7 . I :, _ 93 0 . 00 :, _ 93 0 . 0 o . 0 0 . 0 
830 71 1 72 21 0 0 6 . 9 18 . 8 746 . l 79 46 29 7.1 17 12 . 3 3 . :56 o . 00 3 . :56 0.0 0 . O o . 0 
830712 72 0600 3 . :, 16 . 0 746 . I 9:, :54 3 :1 41 1 • 10 . 8 2 . "9 0 . 00 2. 'l'8 0 . 0 0 . 0 0 . 0 
83071:Z 1:Z 2100 a . 4 21. I 74:, . 1 69 39 18 30 2 1 J . • , . :z.i 0 . 00 , . 22 0 . 0 0 . 0 0 . 0 
830711 81 2100 7 . 4 18 . 8 738 . 3 14:1 46 211 
"" 
17 J:J . 2 7 . 20 o . 00 7 . 20 0 . 0 0. 0 0 . 0 
830712 81 0600 4 . 0 16 . 0 738 . 3 114 :,;z 3.! 62 20 2, . a , . 04 0.00 , . o4 0 . 0 0 . 0 0 . 0 
830712 81 2100 a . 2 20 . I r:n . 3 124 43 21 81 22 ;!:, . 4 7. 12 0 . 00 7 12 0 . 0 0 . 0 0 . 0 
830 7 11 e:z 2100 1. a 1a . a 7 46 . I 81 43 28 JS 1' 13 . 3 4 . 14 o . 00 4 . 14 0 . 0 0 . 0 0 . 0 
830712 8:Z 0600 4 . 2 16 . 0 746 . l 83 :,:, J:, 28 20 11. b I. :,a 0 . 00 I . , 0 0 . 0 0 . 0 0. 0 
830712 8:Z 2100 a. 6 20 . a 7 4:, . I 82 4 2 21 40 21 11. 7 4 . :,9 0 . 00 4 . :,9 0 . 0 0 . 0 0. 0 
830823 11 2000 , . 6 21 . 0 63 . 0 
"' 
,o 34 16:5 16 78 . 9 4 . 62 o . 00 4 . 62 0 0 0 . 0 0 . 0 
830824 11 0700 , . 0 18 . :, b 3. 0 199 :57 3:, 1<12 22 7' . a 7 . 20 0 . 00 7 . 2C 0 . O 0 . O 0. 0 
830824 11 2000 7 . 4 23 . 0 62 . 0 214 43 22 17 1 21 77 . 8 6 . 72 0 . 00 6 . 72 0 . 0 0 . 0 0 . 0 
830823 l :Z 2000 :,_ :, 21 . 0 6:1. 0 204 '1 3:1 1:,J 16 72 . 0 :, _23 o . 00 :5. 23 0 . 0 0 . 0 0 . 0 
830824 12 0700 , . o 18 . :, 63 . 0 207 :,4 32 1:13 22 78 . :, 7 . 16 o . 00 7 . 16 0 . 0 0 . 0 0 . 0 
830824 12 2000 7 . 4 23 . 4 62 . 0 209 40 20 169 20 8:5. 2 8 . 60 o . 00 8 . 60 0 . 0 0 .0 0 . 0 
830823 21 2000 , . b 21 . 0 63.0 l'J2 :,1 34 141 17 76 . :, 4 . 64 o . 00 4 . 64 0 . 0 0 . 0 0 . 0 
830824 21 0700 , . o 18 . :, 63 . 0 101 47 29 :,4 18 21 . 4 3 . 46 o . 00 3 . 4'• 0.0 0 . 0 0 . 0 
830824 21 2000 7 . 6 24 . a 62 . 0 93 40 20 :,3 20 17 . J 3 . 71 o . 00 3. 7 1 0 . 0 0 . 0 o . 0 
830823 22 2000 , . 6 21 . 0 63 . 0 I 'Jl :,2 3:, 139 17 66 . 2 4 . 62 0 . 00 4 . 62 0. 0 0 . O 0 . 0 
830824 22 0700 ,. 3 18 . :, 63 . 0 109 4:, 26 64 19 21. J 3 . 12 o.oo J . 12 0 . 0 0 . 0 0 . 0 
830824 22 2000 7 . 4 24 . 0 62 . 0 94 36 17 ,a 19 16 . 4 3 . 71 0 . 00 J . 71 0 . 0 0 . 0 0 . 0 
830823 31 :zooo , . 7 21 . 0 63 . 0 204 :,4 JS 1:,0 16 84 . 7 , . 04 0.00 , . 04 0 . 0 61. 4 
830824 31 0700 2 . , 18 . :, 63 . 0 87 37 17 ,o 20 17 . J 4 . 06 0 . 00 4 . 06 0. 0 61 . 4 
8308.!4 31 :zooo 9 . 8 :Z4. :, 62.0 67 29 9 38 :zo 10 . 8 2.3:J 0 . 00 2. :l3 0 . 0 61. 4 
8308.!3 32 :zooo ,. 4 :Zl . 0 63 . 0 217 ,.. 36 163 18 83.4 4 . 93 0 . 00 4 . 93 0. 0 ,o . 3 
830824 32 0700 2 . a 18 . :, 63 . 0 100 34 16 66 18 :Z4. 6 , . 7' 0 . 00 , . 7' 0. O ,o . 3 
830824 32 2000 8. 6 2, . 0 62 . 0 6'J 2'J • 40 20 13. 3 3. 14 0 . 00 3 . 14 0. 0 :,o . 3 830823 41 2000 , . l 21 . 0 63 . 0 236 ,. 36 182 18 96 . 9 4 . 9:5 0 . 00 4 . 9:, 0 . 0 0 . 0 12 . J 
830824 41 0700 4 . 4 18 . :, 63 . 0 104 41 23 63 18 22 . I 4 . 08 0 . 00 4 . 08 0 . 0 0 . 0 12 . 3 
830824 41 2000 10. 6 2, . 0 62 . 0 83 31 11 :,2 20 12 . I 1. 79 0 . 00 I. 7'J 0 . 0 0 . 0 12 . 3 
830823 42 2000 ,. 8 21 . 0 63. 0 196 :,3 36 143 17 73 . 0 4 . :,9 0 . 00 4 . ,0 0 . 0 0 . 0 10 . 8 
830824 42 0700 4 . 4 18 . :, 63 . 0 103 42 22 61 20 23 . 7 3 . 43 0 . 00 3 . 43 0 . 0 0 . 0 10 . 8 
830824 42 2000 10 . 2 24 . 4 62 . 0 86 33 13 :,3 20 1 :, _ I J.04 o . 00 3.04 0 . 0 0 . 0 10 . 8 
830823 :,1 2000 ,. :, 21. 0 ISO . 6 173 
" 
3:, 122 16 !!6 . 4 !!.37 o . oo , . 37 0 . 0 0 . 0 0 . 0 
830824 :,1 0700 4 . 3 18 . :, ISO . 6 112 47 27 6, 20 2:J . 6 4 . 4:, 0 . 00 4 . 4:, 0 . 0 0 . 0 0 . 0 
830824 :,1 2000 12 . 3 23 . 0 179 . 6 94 34 13 60 21 18 . 6 , . 22 0 . 00 , . 22 0 . 0 0 . 0 0 .0 
830823 :,2 2000 ,. :, 21 . 0 180 . 6 173 ,2 3:, 121 17 ,a. 9 6 . :,2 0 . 00 6 . ,2 0 . 0 0 . 0 0 . 0 
830824 :,2 0700 4 . 3 18 . :, 180 . 6 120 :,:, 39 6:5 16 23 . <I , . 43 0 . 00 , . 43 0 . 0 0 . 0 0 . 0 
830824 :,2 2000 12 . 4 2:J . 0 17'J . 6 109 49 28 60 21 18 . 0 , . 27 o . 00 , . 27 0 . 0 0 . 0 0 . 0 
830823 iii 2000 ,. 6 21. 0 188 . :, 21• :,3 36 166 17 77 . :, 7 . 3:, o . 00 7 . 3:, ,o . :, 1:53 . 8 
830824 61 0700 1. 3 18.:, 188. :I ~ :,4 3.! 36 22 13 . 2 4 . 31 o . 00 4 . 31 ,o . , 1:53 . 8 
830824 61 2000 8 . 3 23 . 0 187 . :, 90 47 28 43 19 11. 8 J . Jl o . 00 J . 31 ,o . :, 1,:i . 8 
830823 62 .:ooo , . 7 21. 0 14l . 4 3.i'J ,3 33 276 20 161 . 2 11. 33 0 . 00 11. 33 249 0 17' . J 
830824 62 0700 1. 4 18 . :, 141. 4 I I:, ,a 34 '7 :14 18 . :Z ,. 2, 0 . 00 ,. ,:, :149 0 l 1, . 3 
830824 62 2000 10 . 2 23 . 0 140 . 4 89 48 :z::J 41 2, 13 . 8 3 . 33 0 . 00 J. J3 :149 . 0 I 7' . J 
830823 71 2000 , . 7 21 . 0 196 . 4 216 :,3 3:, 163 IS 9:1 . 8 , . 3:, 0. 00 ,. 3:, 0 . 0 0 . 0 0 . 0 
830824 71 0700 I. 3 18 . :, 196. 4 226 :,o 29 176 21 78 . 1 4 . Zl 0 . 00 .. ,~ 0 . 0 0 . 0 0 . 0 
830824 71 2000 7 . 9 23 . :, 196. 4 22:, 47 29 17'8 18 86 . 8 , . 29 0 . 00 ,. ~ 0 . 0 0 . 0 0 . 0 
830823 72 2000 ,. 8 21. 0 227 . 8 184 :,o 32 134 IS Bl. 0 3 . 93 o . 00 3 . 9:l 0 . 0 0 . 0 0 . 0 
830824 72 0700 I. 4 18 . :, 227 . 8 22:, 47 27 178 20 72. 3 , . 3:, o . 00 , . 3:, 0 . 0 0 . 0 0 . 0 
830824 72 2000 a. o 23 . 4 227 . B 192 47 2'J 14' 18 67 . 8 8.,8 0 . 00 8 . 28 0 . 0 0 . 0 0 . 0 
830823 81 2000 ,. :, 21. 0 78.:, 482 ,6 34 ~6 22 J:JB . 8 9 . ,o I. ,8 10 . 48 0 . 0 0 . 0 0 . 0 
830824 81 0700 4 . 7 18 . :, 78 . :, 2:,0 67 4:, 183 22 87 I 6 . :17 0 . 6:, 6 . Q2 0 . 0 0 . 0 0 . 0 
830824 81 2000 8 . 8 24 . 0 78 . :, 167 :,1 
" 
116 26 JS . 7 6. 00 0 . 00 6 . 00 0 . 0 0 . 0 0 . 0 
830823 82 2000 , . 4 21 . 0 94 . 3 337 ,2 31 :zs:, :11 2:,-1 8 11. 7 6 0 . 0 0 1 1 7 6 0 . 0 0 . 0 0 . 0 
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TABLE 7. Conti.nued. 
Treat. Water Total Live 
' 
o.o. Tel11'. Vol. TP tl)P P04--i' pp DOP TSS Cbl . £. Phaeo . P:!3 llul. Oat. Peri. 
Data lep. T1- <ma> (°C) (litere) (ug/1) ---(mg/1) ---(p)--
830611 3:;z 0700 4 . 4 17 . 0 63. 0 121 41 20 80 21 29. 3 ,. 4:, 0. 00 :, . 4:, o . 0 174 9 o.o 
830611 3:;z 1'100 ,. 6 16 . 4 62.0 83 29 11 ,. 18 12 . l 2 . 46 o . 00 2 . 46 o . 0 174 . 9 o.o 
830610 41 1'100 7. , 19 . 0 63 . 0 138 66 46 r.z 20 34 . 4 l. 2:, o. 00 1. 2:, 0 . 0 0 . 0 5. 7 
830611 41 0700 6 . 3 17 . 0 63. 0 10:, :,6 34 .. , 22 1 :, _ 1 1. 42 o . 00 1. 42 0 . 0 0 . 0 S. 7 
830611 41 1900 6.8 16. 4 62 . 0 86 44 2:, 42 19 8 . 2 2.87 o . 00 2.87 0 . 0 0 . 0 S. 7 
830610 4.1 1'100 7. 2 19. 0 63.0 14:, 63 41 8.1 22 38. 4 2.83 0 . 00 2. 83 0. 0 o . 0 4. 4 
830611 42 0700 6 . 1 17 . 0 63 . 0 108 :,4 :i:;i :,4 22 1:, . 2 l. 64 0 . 00 I. 64 0 . 0 0 . 0 4.4 
830611 42 1900 6 . 6 16 . 4 62 . 0 92 44 27 48 17 9 . 1 I. 33 o . 00 I. 33 0 . 0 0 . 0 4 .4 
830610 :,i 1900 6.:, 19 . 0 739 . :J 142 62 43 80 19 36.3 1 . 7 '1 0 . 00 I . 7 '1 o . 0 o . 0 0 . 0 
830611 :11 0700 ,. :, 17 . 2 738 . 3 124 :,a 38 66 20 18 . 'I I. 'It 0 . 00 l. 'II 0 . 0 0 . 0 0 . 0 
83061 I :,1 1'100 6 . I 16 . 4 73 7 . 3 10:, :,:, 3:, :,o 20 16 . :, 3 . 70 0 . 00 3 . 70 0 . 0 0 . 0 0 . 0 
830610 '2 1900 6 . 6 l'I . 0 738. 3 142 67 46 7:, 21 37 . I 1 . 73 0 . 00 I . 73 0 . 0 0 . 0 0 . 0 
830611 :,2 0700 ,. 1 17 . 0 7:J8 . 3 123 62 40 61 22 22 . 3 l. '14 0 . 00 1 . '14 0 . 0 0 . 0 0 . 0 
830611 :,2 1900 ,. :, 16 . 4 737 . 3 112 :,9 37 :,4 21 1' . 2 2. 8'1 0 . 00 2 . 8'1 0 . 0 0 . 0 0 . 0 
830610 61 1'100 7 . 1 19 . 0 274 . 9 409 61 40 348 21 230 . 7 4 . 72 0 . 00 4 . 72 68 . l 21, . o.o 
830611 61 0700 4 . 9 17 . 0 ,74 . 9 14'1 :,9 37 90 22 39 . :, l . 7'1 0 . 00 1. 7'1 68 . I 21:, . o. o 
830611 61 1900 ,. 7 16. 4 ,73 . 9 118 :,7 38 61 19 23 . :, I. ,3 0 . 00 I. ,3 68 . l ,1,. o.o 
830610 62 1900 7 . 2 19 . 0 3:,3_ 4 19:, 6:, 42 120 23 :,:, _ 7 2. :,6 0 . 00 ,. :,6 18 . l .?13 . 1 0.0 
0:30611 62 0700 4 . 8 17 . 0 ;J:,3 _ 4 110 :, 1 30 :,y 21 IS . 9 1. 91 0 . 00 I. 91 18 . I 213 . I o.o 
830611 62 1900 ,. :, 16. 4 3:,2 . 4 86 43 24 43 19 11. 2 3. 41 0 . 00 3 . 41 IS . I 213 . l o. o 
830610 71 1900 6 . 6 19 . 0 738 . 3 144 69 46 7' 23 3:, _ 7 I. :,4 0 . 00 !. :,4 0 . 0 0 . 0 0 . 0 
830611 71 0700 , . 6 17 . 1 738 . 3 16 ·7 62 39 10:, 23 4-, _ I I. ,2 0 . 11 I . 63 0 . 0 0 . 0 0 . 0 
830611 71 1900 , . ., 16 . 8 738 . 3 148 61 40 87 21 3:, _ 4 I. 23 o . 17 I . 40 0 . 0 0 . 0 0 . 0 
830610 72 1900 7.1 19. 0 736.2 151 65 45 86 20 38. 4 1.61 o. oo l. 61 o. o o. o o. o 
830611 72 0700 6 . 9 17 . 0 736. 2 170 61 JS 109 23 51. 1 1 . 5 7 o. oo 1. 57 0 . 0 o.o o. o 
830611 72 1900 6.0 16. 4 736. 2 151 62 39 89 23 4 l. 0 !. 31 o. oo l. J 1 o. o o. o a.a 
830610 81 1900 6 . 4 19 . 0 :,49 _ 0 1'4 63 43 91 20 43 . 6 2. 44 0 . 00 2 . 44 0 . 0 0 . 0 o. o 
830611 81 0700 , . 8 17 . 0 :,49 _ 0 183 61 38 122 23 '7 . 1 2 . 31 0 . 00 2 . 31 0 . 0 0 . 0 o. o 
830611 81 1900 6 . 1 16 . 4 :,49 _ 8 1''1 62 40 97 29 4, . 9 2 . 46 0.00 2 . 46 0 . C 0 . 0 o.o 
930610 82 1900 6. 1 19. 0 550.0 148 63 42 85 21 4 6 . J 2. 71 o.oo 2 . 71 a. a 0.0 0.0 
830611 82 0700 6.0 1 7 . 0 550 . 0 172 62 37 110 25 52. 8 2 . 4 5 o. oo 2. 4 5 0. 0 0. 0 a. a 
830611 82 1900 6 . 0 16. 4 550 . 0 149 58 39 91 19 41. 7 2 . 52 o.oo 2. 5 2 o.o o. 0 0.0 
830711 11 ,100 7 . :, 10. 0 63 . 0 83 41 26 42 1' 14 . 4 3 . 93 0 . 00 3 . '13 0 . 0 0 . 0 0 . 0 
830712 11 0600 6 . 3 16 . 0 63 . 0 83 39 21 44 18 12 . :, 4 . 48 0 . 00 4 . 48 0 . 0 0 . 0 0 . 0 
830712 11 2100 8.2 .?1 . 0 62.0 84 31 1:J :,3 18 11.9 :, , 8'1 0. 00 , . 89 0. 0 0 . 0 0 . 0 
830711 1, 2100 7 . 3 18 . 8 63 . 0 84 44 ,8 40 16 14 . 4 3 . :,o 0 . 00 3. :50 0. 0 0 . 0 0 . 0 
930712 1.? 0600 6 . 3 16 . 0 63.0 87 40 21 47 1'i' 14 . 8 4 . 72 0 . 00 4 . 72 0 . 0 0 . 0 0 . 0 
83071.? 1.? 2100 0 . 1 21 . 0 6.?. 0 89 31 13 ,0 18 16 . 3 , . 93 0 . 00 , . 93 0 . 0 o . 0 0 . 0 
930711 .?1 .?100 7 . 4 18 . 9 63 . 0 83 43 28 40 1' 10 . 0 3 . 33 0 . 00 3 . 33 0 . 0 0 . 0 0 . 0 
830712 21 0600 6.:, 16 . 0 63 . 0 70 40 2::3 30 17 7 . 0 3 . 43 o . 00 3 . 43 0 . 0 0 . 0 0 . 0 
930712 21 2100 1. 0 21 . 0 62. 0 '7 34 16 23 18 3 . 4 2.08 o. 00 2. 08 0 . 0 0 . 0 0 . 0 
830711 22 .?100 7 . 3 10 . 0 63 . 0 79 43 28 36 1' 13 . 4 3 . :,2 0 . 00 3 . :,2 0 . 0 0 . 0 0 . 0 
83071.? 22 0600 6 . 0 16 . 0 63. 0 72 39 21 33 18 ,. 6 I. 98 0 . 00 I. 98 o . 0 0 . 0 0 . 0 
83071.? 22 2100 8. 0 21. 0 62. 0 '7 27 11 30 16 3.:, 2.29 o . 00 2 . 29 0 . 0 0 . 0 0 . 0 
930711 31 2100 7 . 4 1a. 8 63 . 0 187 42 26 14:, 16 68 . 1 27 . 80 0.00 27 . BO 0 . 0 164 . 6 94 . 0 
830712 31 0600 3 . 4 16 . 0 63 . 0 74 32 12 42 20 8 . I 3.83 0 . 00 3 . 83 0 . 0 164 . 6 94 0 
830712 31 2100 7 . 4 21. 0 62 . 0 :,0 .?4 6 34 18 4 . 2 2 . 89 0 . 00 2. 89 0 . 0 164 . 6 94 . 0 
930711 32 2100 7. 2 18 . 9 63 . 0 .?27 42 
-'' 
10:, 17 103 . 6 2:l.87 0 . 00 · 2::; . 87 o . 0 163 . 2 93 . 2 
830712 32 0600 3 . 2 16 . 0 63. 0 80 28 9 :,2 19 19 . 1 10 . 24 0 . 00 10 . :14 0 . 0 163 . 2 93 . 2 
830712 32 .?100 7 . 2 21 . 0 6, . 0 :,9 23 4 36 19 11. 3 8 . 22 0 . 00 8 . 22 0. 0 163 . 2 93 . 2 
830711 41 2100 7 . 1 18 . 9 63. 0 84 46 30 38 16 !.?. :, 3 . 77 0 . 00 3 . 77 0 . 0 0 . 0 17 . 6 
830712 41 0600 4 . 9 16.0 63 . 0 7:, 39 l'i' 36 20 8 . 8 3 . :,6 0 . 00 3 . ,0 0 . 0 0 . 0 17 . 6 
830712 41 2100 8.2 21. 0 6.?. 0 :,9 .?B 10 30 18 2 . 6 2. 12 o . 00 2. 1~ 0 . 0 0 . 0 17 . 6 
830711 42 2100 7 . 1 18 . 8 63.0 86 47 3.2 39 1:: 14 . 3 4 . 02 0 . 00 4 . 02 0 . 0 0 0 17 . 6 
830712 42 0600 , . 3 16 . 0 63 . 0 74 40 20 34 20 6.3 2.S'l' 0 . 00 2 . 89 0 . 0 0 . 0 17 . 6 
830712 42 2100 8 . 4 21 . 0 62.0 :,6 30 11 26 19 :, _ 0 2 . 14 o . 00 2 . 14 0 . 0 0 . 0 17 . 6 
930711 :,1 2100 7 . 3 18 . 8 738. 3 8.? 44 29 38 12 13. 6 2 . 96 0 . 00 2. 96 0 . 0 0 . 0 0 . 0 
830712 ::11 0600 4 . 0 16 . 0 738 . 3 84 :,o 29 34 21 9 . :J 4 . ::i6 0 . 00 4 . ,o 0 . 0 0 . 0 0 . 0 
830712 '1 2100 a 4 21. 0 737 . 2 67 39 20 28 19 4 . 8 3. 10 0 . 00 3 . 10 0 . 0 0 . 0 0 . 0 
830711 '2 2100 7 . 2 18 . 8 738 . 3 72 43 28 29 1' 10 . 9 4 . 62 0 . 00 4 . 62 o . 0 0 . 0 0 . 0 
830712 :,:;z 0600 , . 8 16 . 0 738. 3 9:, 47 27 38 20 10 . 6 3 . 19 0 . 00 3 . 19 0 . 0 0 . 0 0 . 0 
830712 :,2 2100 7 . 4 21. 0 737 . 3 66 34 14 32 ~o 6 . 1 3. 14 0 . 00 3 . 14 0 . 0 0 . 0 0 . 0 
830711 61 2100 7 . l 10 . a 663. 7 84 4:l 29 39 16 17 . 0 4 . 64 0 . 00 4 . 64 160 . 7 379 . 4 216 . 8 
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TABLE 8. ANOVA model used in analyzing marsh in situ experiment and 
results comparing phosphorus concentrations. - --
Source 
of Mean Significance 
variation OF square F of F 
pp concentrations 
Treatment 7 8888.704 5.713 * 
Error (a) 8 1555.738 
Time 2 68905.579 218.565 ** 
Error ( b) 2 315.263 
Treatment by time 14 9606.594 26.605 ** 
Error ( C) 14 361 .077 
Month 4 45889.838 11 0. 140 ** 
Error ( d) 4 416.650 
Treatment by month 28 7892.097 7.293 ** 
Time by month 8 4973.709 4.596 ** 
Treatment by time 56 3246.301 3.000 ** 
by month 
Error (e) 92 l 082. 1 78 
DOP concentrations 
Treatment 7 26.636 7.486 ** 
Error (a) 8 3.558 
Time 2 140.129 l .895 NS 
Error ( b) 2 73.958 
Treatment by time 14 7 .148 1 .172 NS 
Error ( C) 14 6.097 
Month 4 577.452 141.776 ** 
Error ( d) 4 4.073 
Treatment by month 28 7.664 2.297 ** 
Time by month 8 34. 015 10.196 ** 
Treatment by time 56 5. 712 1 . 712 * 
by month 
Error (e) 92 3.336 
TABLE 8. Continued. 
Source 
of Mean Significance 
variation DF square F of F 
P04-P concentrations 
Treatment 7 384.210 5. 264 * 
Error (a) 8 72.992 
Time 2 1910.113 2491.629 ** 
Error (b) 2 0.763 
Treatment by time 14 93.336 1 0. 931 ** 
Error (c) 14 8.539 
Month 4 5023.035 150.458 ** 
Error ( d) 4 33.385 
Treatment by month 28 93.833 3. 451 ** 
Time by month 8 255.154 9.384 ** 
Treatment by time 56 18.313 0.674 NS 
by month 
Error (e) 92 27. l 90 
*Significant at p . 05. 
**Significant at p .01. 
NS= not significant. 
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